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EXECUTIVE SUMMARY

VOLUNTARY CLEANUP PROGRAM SUBMITTAL FOR EMF SITE

THE BOEING COMPANY HAS COMPLETED AN INDEPENDENT RIIFSRIIF AND IMPLEMENTATION OF CLEANUP ACTION

AT PROPERTY LOCATED AT 7355 AIRPORT WAY SOUTH ADJACENT TO THE EAST BOUNDARY OF BOEING FIELD IN

SEATTLE WA BOEING CURRENTLY HOLDSHOLD LONGTERNI LEASE ON THISTHI PROPERTY WHICH IS OWNED BY KING COUNTY

INTERNATIONAL AIRPORT KCIA THISTHI INDUSTRIAL SITE IS SURPLUSSURPLU BROWNFIELD PROPERTY WHICH IS NO LONGER USED

BY BOEING
AND KCIA HAS PLANSPLAN TO REDEVELOP THE PROPERTY FOR BENEFICIAL INDUSTILAL USE AS SOON AS

POSSIBLE POTENTIAL FUTURE INDUSTNAL USESUSE OF THE PROPERTY ARE EXPECTED TO BE AVIATIONTRANSPORTAT

RELATED BECAUSE OF THE PRIME LOCATIONACCESSLOCATIONACCES TO THE AIRPORT THE TERMSTERM OF THE LEASE TRANSFER BACK TO

KCIA REQUIRE SOME LETTER OF CONCURRENCE FROM ECOLOGY REGARDING THE CLEANUP ACTIONSACTION IMPLEMENTED AT

THE SITE HENCE THE PURPOSE OF THISTHI SUBMITTAL TO ECOLOGYSECOLOGY VOLUNTARY CLEANUP PROGRAM VCP

THE SITE CURRENTLY HAS AN OPERATING GROUNDWATER TREATMENT SYSTEM IN PLACE THE TREATMENT SYSTEM WILL

CONTINUE TO BE OPERATED BY BOEING UNTH THE CLEANUP GOALSGOAL ARE REACHED ALL CONTAMINATED SOIL IDENTIFIED

AT THE SITE HAS BEEN REMOVED AND THE SURFACE REPAVED GIVEN THE ONGOING GROUNDWATER TREATMENT AT

THE SITE THISTHI VCP SUBMITTAL IS NOT REQUEST FOR NO FURTHER ACTION LETTER INSTEAD THISTHI IS REQUEST FOR

AN IN PROGRESSPROGRES OR OPINION LETTER WHICH WILL ALLOW THE LEASE TRANSFER TO PROCEED AND SUBSEQUENT

REDEVELOPMENT OF THISTHI BROWNFIELD SITE FOR BENEFICIAL INDUSTRIAL USE

THE PROPERTY REFERRED TO AS THE ELECTRONIC MANUFACTURING FACILITY EMF WAS UTILIZED FOR MANUFACTURING

ELECTRICAL CIRCUIT BOARDS LEAKSLEAK IN PROCESSPROCES PIPING RESULTED IN THE ACCIDENTAL RELEASE OF TRICHIOROETHENE

TCE TO SOIL OPERATIONSOPERATION WERE DISCONTINUED IN THE LATE 1970S1970 AND CONTAMINATED SOIL WAS DISCOVERED

IN THE MID 1980S INITIAL REMOVAL ACTIONSACTION AT THAT TIME ADDRESSED CONTAMINATED SOIL WHERE FEASIBLE BUT

SOME AREASAREA NEAR AND UNDER FOUNDATION FOOTINGSFOOTING WERE INACCESSIBLE BECAUSE SOIL REMOVAL COULD RESULT

IN THE COLLAPSE OF THE BUILDING SEVERAL GROUNDWATER MONITORING WELLSWELL WERE INSTALLED THROUGHOUT THE SITE

AT THAT TIME AND SUBSEQUENTLY HAVE BEEN MONITORED REGULARLY FOR THE LAST 13 YEARS IN 1996 THE

BUILDING WAS DEMOLISHED DOWN TO THE FLOOR SLAB AND MORE DETAILED SITE INVESTIGATION INITIATED THE

RIIFSRIIF AND IMPLEMENTATION OF CLEANUP ACTION HAVE BEEN COMPLETED IN ACCORDANCE WITH MICA

REQUIREMENTSREQUIREMENT AND GUIDANCE FROM ECOLOGYSECOLOGY INDEPENDENT REMEDIAL ACTION PROGRAM IRAP

THE RI DELINEATED THE EXTENT OF THE SOLVENT PLUME IN GROUNDWATER PRIMARILY TCE AND DECAY PRODUCTSPRODUCT

RESULTING FROM REDUCTIVE DECHLORINATION AND TWO AREASAREA WITH IPH CONTAMINATION IN SOIL THE SOLVENT

PLUME COVERSCOVER LIMITED AREA APPROXIMATELY 200 FEET LONG BY 150 FEET WIDE AND HAS BEEN STATIONARY FOR

THE 13 YEARSYEAR OF GROUNDWATER SAMPLING QUALITATIVE AND QUANTITATIVE DATA DEMONSTRATE THAT NATURAL

ATTENUATION THROUGH REDUCTIVE DECHLORINATION HAS EFFECTIVELY CONTAINED THE VOC PLUME IN ITS PRESENT

LOCATION

GROUNDWATER FLOW IS OVER 200 FTYR WHEREASWHEREA THE VOC PLUME HAS ONLY MIGRATED 200 FEET IN 20

YEARSYEAR

THE GROUNDWATER CONDITIONSCONDITION ARE STRONGLY REDUCING ENVIRONMENT LOW REDOX POTENTIAL LOW

DISSOLVED OXYGEN LEVELSLEVEL AND ELEVATED FE
EXPECTED ICE DEGRADATION PRODUCTSPRODUCT OF CIS1 DCE AND VINYL CHLORIDE ARE PRESENT DOWN

GRADIENT FROM THE SOURCE THE PRESENCE OF CIS1 DCE IS DISTINCT MARKER OF TCE DEGRADATION
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PROCESSESPROCESSE BECAUSE IT IS NOT MANUFACTURED SUBSTANCE

WELLSWELL LOCATED IN THE DOWNGRADIENT VOC PLUME IN THE RANGE OF 50 TO 150 FEET FROM THE SOURCE

HAVE CHLORIDE CONCENTRATIONSCONCENTRATION ABOUT 600 HIGHER THAN BACKGROUND WELLSWELL AS RESUFT OF THE ICE

DEGRADATION BY REDUCTIVE DECHLORINATION

DOWNGRADIENT MONITORING WELLSWELL ABOUT 200 FEET FROM THE SOURCE SHOW COMPLETE

DECHLORINATION IE TCE DCE AND VINYL CHLORIDE ARE REDUCED TO LEVELSLEVEL IN THE RANGE OF ND3

PPB

BASED ON SITE CONDITIONSCONDITION AND PLUME DISTRIBUTION THE FIRSTORDER DEGRADATION RATE FOR ICE IS

ESTIMATED TO BE 28 LIYR HALF LIFE OF 025 YEARSYEAR

THE RISK ASSESSMENT COMPLETED IN THE RLFSRLF IDENTIFIED THE REASONABLE MAXIMUM EXPOSURE FOR

GROUNDWATER AS DISCHARGE TO SURFACE WATER IN THE DUWAMISH RIVER APPROXIMATELY 4000 FEET FROM THE

PLUME AND 2000 FROM THE PROPERTY BOUNDARY GROUNDWATER AT THE SITE IS NOT POTABLE RESOURCE FOR THE

FOLLOWING REASONSREASON

GROUNDWATER IN THE AREA OF THE SITE DOESDOE NOT SERVE AS CURRENT DRINKING WATER SOURCE

THE GROUNDWATER FLOW DIRECTION IS DIRECTLYIMMEDIATELY UNDER THE AIRPORT ACROSSACROS BOEING PLANT

PROPERTY TO ULTIMATE DISCHARGE IN THE DUWAMISH RIVER WHICH IS NOT SUITABLE FOR DOMESTIC WATER

SUPPLY BOEING AND KCIA CONTROL ALL PROPERTY IN THE GROUNDWATER PATHWAY FROM THE SITE TO THE

DUWAMISH RIVER

GROUNDWATER AT THISTHI SITE WILL NOT MIGRATE TO OTHER CURRENTPOTENTIAL FUTURE SOURCESSOURCE OF THINKING

WATER

WATER SUPPLY
WELL IS NOT COMPATIBLE WITH AIRPORT OPERATIONSOPERATION CONTINUOUSCONTINUOU FUELING OPERATIONSOPERATION

ACTIVITIES

INSTALLATION OF WATER SUPPLY WELLSWELL IS PROHIBITED BASED ON STATE REGULATIONSREGULATION WAC 173160

171
WATER SUPPLY WELL IS NOT ALLOWED UNDER KING COUNTY BOARD OF HEALTH TITLE 12 SECTION

1224OLOA HIGHER QUALITY SOURCESSOURCE ARE AVAILABLE AND WATER SUPPLY WELLSWELL ARE REQUIRED TO DRAW

WATER FROM AT LEAST 50 FEET DEEP AND BELOW AT LEAST ONE IMPERMEABLE CONFINING LAYER

MUNICIPAL WATER SUPPLY IS AVAILABLE ON SITE KCIA WILL NOT ALLOW INSTALLATION OF SUPPLY WELLS

BASED ON THE REASONABLE MAXIMUM EXPOSURE FOR GROUNDWATER CLEANUP LEVELSLEVEL FOR GROUNDWATER

ESTABLISHED IN THE RIESRIE HAVE BEEN BASED ON APPLICABLE SURFACE WATER QUALITY CRITERIA THE SPECIFIC

STANDARDSSTANDARD FOR PROTECTION OF BENEFICIAL USE OF SURFACE WATER ARE FROM EPASEPA WATER QUALITY CRITERIA

GUIDANCE THE CLEANUP GOALSGOAL ARE

TRICHLOROETHENE45 MGI BASED ON THE LOWEST OBSERVED EFFECTSEFFECT LEVEL LOEL SET BY EPA

FEDERAL REGISTER NOTICE 45 FR 79341 NO AMBIENT CHRONIC OR ACUTE CRITERIA EXIST FOR THISTHI

COMPOUND

12 DICHLOROETHENE1 16 MGI BASED ON THE LOEL SET BY EPA FEDERAL REGISTER NOTICE 45 FR

79332 NO AMBIENT CHRONIC OR ACUTE CRITERIA EXIST FOR THISTHI COMPOUND

VINYL CHLORIDE 0525 MGI BASED ON THE AMBIENT CRITERIA FOR HUMANHEALTH FISH CONSUMPTION

SET BY EPA FEDERAL REGISTER 4OTICE 45 FR 79341 NO AMBIENT CHRONIC OR ACUTE CRITERIA OR

LOELSLOEL EXIST FOR THISTHI COMPOUND
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THE CONDITIONAL POINT OF COMPLIANCE FOR THESE CLEANUP LEVELSLEVEL IS THE PROPERTY BOUNDARY EXISTING

MONITORING WELLSWELL MW2 MW5 AND MW4 LOCATED IMMEDIATELY DOWN GRADIENT OF THE VOC PLUME WILL

BE USED FOR PERFORMANCE MONITORING THESE WELLSWELL HAVE AN EXISTING 13 YEAR RECORD OF MONITORING DATA

AND ARE LOCATED APPROXIMATELY 2000 FEET UP GRADIENT FROM THE PROPERTY BOUNDARY

THE GROUNDWATER REMEDIATION TECHNOLOGY SELECTED IN THE RIESRIE AND IMPLEMENTED IN THE CLEANUP ACTION

IS AN INWELL STRIPPING TECHNOLOGY THISTHI TECHNOLOGY ALTHOUGH COMPARATIVELY NEW AND INNOVATIVE IS

PROVEN TECHNOLOGY THAT HAS BEEN IMPLEMENTED SUCCESSFULLY AT SEVERAL HUNDRED GROUNDWATER

CONTAMINATION SITES EXAMPLESEXAMPLE INCLUDE THE PASCO LANDFILL CERCLA SITE MASSACHUSETTSMASSACHUSETT MILITARY

RESERVATION IN ONE OF THE LARGEST GROUNDWATER CLEANUP PROJECTSPROJECT IN THE US AND THE TECHNOLOGY WILL BE

IMPLEMENTED IN THE SUMMER OF 1998 AT THE BOOMSNUBBOC CERCLA SITE IN VANCOUVER WA

THE INSITU TREATMENT SYSTEM IS LAID OUT WITH ONE TREATMENT WELL IN THE HOT SPOT OF THE PLUME AND

SECOND TREATMENT WELL LOCATED ABOUT 100 FEET DOWN GRADIENT TO PROVIDE ADDITIONAL TREATMENT AND

CONTAINMENT OF ANY FURTHER PLUME MIGRATION THE EXPECTED DIAMETER OF THE TREATMENTCAPTURE ZONE

ESTABLISHED BY THE DOWNGRADIENT TREATMENT WELL IS 150 FEET WHICH IS GREATER THAN THE PLUME WIDTH AT

THAT LOCATION PERFORMANCE MONITORING DURING SYSTEM STARTUP AND OPERATIONSOPERATION HAS DEMONSTRATED

EFFECTIVE CAPTURE AND CONTAINMENT OF THE PLUME BY THE DOWNGRADIENT TREATMENT WELL THE TREATMENT

SYSTEM HAS BEEN OPERATING FOR APPROXIMATELY MONTHS OVER THISTHI INITIAL OPERATING PERIOD THE SYSTEM

HAS REMOVED OVER 400 LBS OF ICE FROM THE SITE GROUNDWATER THE RI ESTIMATED THAT TOTAL OF 600 LBS OF

TOE WERE PRE3ENT IN DIOIVED AND NONAQUEOUSNONAQUEOU PHASE FORM ICE CONCENTRATIONSCONCENTRATION IN THE HOTSPOT WELL

HAVE BEEN REDUCED BY 57 DURING THISTHI INITIAL OPERATING PERIOD IN DOWNGRADIENT PERFORMANCE

MONITORING WELLSWELL LOCATED WITHIN THE TREANENT ZONE ICE CONCENTRATION REDUCTIONSREDUCTION HAVE RANGED FROM

96 TO 998

BOEING IS CURRENTLY MONITORING SITE GROUNDWATER AND SYSTEM OPERATIONAL PARAMETERS ROUTINE

MONITORING WILL CONTINUE THROUGH THE SYSTEM OPERATING PERIOD FOLLOWING SYSTEM SHUTDOWN WHEN THE

CLEANUP GOALSGOAL ARE REACHED THE FREQUENCY OF THE MONITORING PROGRAM WILL BE REDUCED
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10 INTRODUCTION

THISTHI PROJECT OVERVIEW REPORT HAS BEEN PREPARED TO SUMMARIZE THE SITE INVESTIGATION AND REMEDIAL

ACTIONSACTION COMPLETED BY THE BOEING COMPANY AT THE FORMER ELECTRONIC MANUFACTURING FACILITY SITE

LOCATED AT 7355 AIRPORT WAY SOUTH ADJACENT TO THE EAST BOUNDARY OF KING COUNTY INTERNATIONAL AIRPORT

KCIA IN SEATTLE WA THE SITE INVESTIGATION AND CLEANUP ACTIONSACTION COMPLETED AT THE SITE HAVE BEEN

UNDERTAKEN TO SATISFY THE REQUIREMENTSREQUIREMENT OF THE MODEL TOXICSTOXIC CONTROL ACT MTCA SET FORTH IN WAC 173

340 THE INDUSTRIAL PROPERTY IS OWNED BY KCIA AND LEASED TO BOEING THE SITE IS NO LONGER USED BY

BOEING AND KCIA HAS PLANSPLAN TO REDEVELOP THE PROPERTY FUTURE INDUSTRIAL USESUSE OF THE PROPERTY ARE

EXPECTED TO BE AVIATIONFTRANSPORTAT RELATED THE TERMSTERM OF THE LEASE TRANSFER BACK TO KCIA REQUIRE

SOME LETTER OF CONCURRENCE FROM ECOLOGY REGARDING THE CLEANUP ACTIONSACTION IMPLEMENTED AT THE SITE

THE INITIAL SITE INVESTIGATIONSINVESTIGATION REMEDIAL INVESTIGATIONFEASIB STUDY RLFSRLF CLEANUP ACTION PLAN

CAP AND REMEDIAL ACTION REPORT RA ENCOMPASSENCOMPAS SEVERAL LARGE REPORTSREPORT WITH AN ABUNDANCE OF SITE

CHARACTERIZATION AND DESIGN INFORMATION THESE SITE REPORTSREPORT ARE INCLUDED AS ATTACHMENTSATTACHMENT TO THISTHI

SUBMITTAL THISTHI REPORT PROVIDESPROVIDE AN OVERVEW SUMMARY OF INFORMATION PRESENTED IN THE EXISTING REPORTSREPORT

ALONG WITH ADDITIONAL INFORMATION ON THE REMEDIAL ACTIONSACTION COMPLETED PERFORMANCE OF THE TREATMENT

SYSTEM AND CONTINUED SITE MONITORING SINCE THE PRIOR REPORTSREPORT WERE COMPLETED

11 PURPOSE

THE PURPOSE OF THISTHI SUBMITTAL IS TO REQUEST TECHNICAL REVIEW AND CONCURRENCE UNDER ECOLOGYSECOLOGY

VOLUNTARY CLEANUP PROGRAM VCP SINCE THE SITE HAS ONGOING GROUNDWATER TREATMENT THISTHI VCP

SUBMITTAL IS REQUEST FOR AN IN PROGRESSPROGRES OR OPINION LETTER WHICH WILL ALLOW THE LEASE TRANSFER TO

PROCEED

THE PURPOSE OF THISTHI PROJECT OVERVIEW REPORT IS TO SUMMARIZE ALL AVAILABLE INFORMATION FROM THE EXISTING

PROJECT REPORTSREPORT INITIAL INVESTIGATIONSINVESTIGATION RIJFSRIJF CAP AND RA REPORT CURRENT SITE MONITORING DATA AND

PERFORMANCE OF THE REMEDIAL MEASURESMEASURE IN PLACE AT THE SITE THISTHI OVERVIEW REPORT HAS BEEN PREPARED TO

PROVIDE THE MOST CURRENT SITE INFORMATION AND BRIEF GUIDEBOOK OR ROAD MAP TO THE SALIENT INFORMATION

INCLUDED IN THE OTHER SITE REPORTS

12 ORGANIZATION

THE COMBINED INFORMATION PRESENTED IN THISTHI OVERVIEW SUMMARIZESSUMMARIZE THE FOLLOWING KEY AREASAREA FROM PRIOR

SITE REPORTSREPORT AND NEW MONITORING DATA

SECTION SITE HISTORY

SECTION RISK ASSESSMENT

SECTION REMEDIAL INVESTIGATIONSAMPLI

SECTION OBSERVED ATTENUATION PROCESSESPROCESSE

SECTION FEASIBILITY STUDY

EMFSUMWPD REV1 PMJ 1214010
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SECTION REMEDIAL ACTIONSACTION FOR SOIL

SECTION REMEDIAL ACTIONSACTION FOR GROUNDWATER

THE INFORMATION IS PRESENTED IN SHORT ONEPAGE SUMMARY FORMAT WITH ADDITIONAL FIGURESFIGURE AS

APPROPNATE FOR EACH OF THE RELEVANT TOPICS REFERENCESREFERENCE TO THE BACKGROUND SOURCE DOCUMENTSDOCUMENT RIFSRIF
CAP RA REPORT EPA CRITERIA DOCUMENTSDOCUMENT ETC ARE PROVIDED TO DIRECT THE READER TO MORE DETAILED

INFORMATION AS REQUIRED

APPENDICESAPPENDICE INCLUDED IN THISTHI PROJECT SUMMARY REPORT PRESENT ADDITIONAL SITE INFORMATION ON THE FOLLOWING

TOPICSTOPIC

APPENDIX SITE MAPSMAP WITH RECENT GROUNDWATER MONITORING RESULTSRESULT

APPENDIX ANALYTICAL RESULTSRESULT FROM RECENT GROUNDWATER SAMPLING EVENTSEVENT

APPENDIX BACKGROUND INFORMATION ON INWELL STRIPPING TECHNOLOGY

ATTACHMENTSATTACHMENT TO THISTHI PROJECT SUMMARY REPORT PRESENT THE PRIOR SITE INVESTIGATION AND CLEANUP ACTION

REPORTSREPORT

LANDAU 1993 1993 GROUNDWATER MONITORING FORMER EMF FACILITY MAY 18 1993

WESTON 1997A REMEDIAL LNVESTIGATONFEASIBI STUDY FORMER ELECTRICAL MANUFACTURING FACILITY

KING COUNTY INTERNATIONAL AIRPORT JUNE 27 1997

WESTON 997B INDEPENDENT REMEDIAL ACTION CLEANUP ACTION PLAN FORMER ELECTRICAL

MANUFACTURING FACILITY KING COUNTY INTERNATIONAL AIRPORT APRIL 17 1997

WESTON 1997C REMEDIAL ACTION REPORT INDEPENDENT REMEDIAL ACTION PROGRAM FORMER ELECTRICAL

MANUFACTURING FACILITY KING COUNTY INTERNATIONAL AIRPORT AUGUST 1997

EMFSUMWPD REV1 PMJ 1214010
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20 SITE HISTORY

THISTHI SUMMARY OF SITE HISTORY IS TAKEN FROM THE INITIAL SITE INVESTIGATION REPORTSREPORT LANDAU 1993 THE RLFSRLF
WESTON 1997A AND OTHER SOURCES THE RELEVANT CHRONOLOGICAL HISTORY AT THE SITE INCLUDESINCLUDE THE FOLLOWING

KEY ELEMENTS

FROM THE 1930S1930 TO LATE THE 1950S1950 THE SITE WAS USED FOR USED FOR TWO AIRCRAFT HANGERS

FROM THE MID 1960S1960 TO THE LATE 1970S1970 THE SITE WAS USED FOR ELECTRONIC CIRCUIT BOARD MANUFACTURING

INCLUDING THE USE OF ICE FOR CLEANING OF CIRCUIT BOARDS

ELECTRONIC CIRCUIT BOARD MANUFACTURING AT THE SITE WAS DISCONTINUED IN THE LATE 1970S

IN EARLY 1980S1980 REMOVAL OF TANKSTANK AND SOLVENT BATHSBATH INDICATED RELEASE OF SOLVENTSSOLVENT TO SOILS

MONITORING WELLSWELL WERE INSTALLED IN 1985 GROUNDWATER MONITORING HAS BEEN CONDUCTED FOR 13
YEARSYEAR FIRST

QUARTERLY THEN SEMIANNUALLY THEN ANNUALLY MOST RECENTLY QUARTERLY

ECOLOGY RESCINDED CONSENT ORDER RELATED TO SITE CONTAMINATION STIPULATION AND ORDER OF DISMISSAL

POLLUTION CONTROL HEARING BOARD 8571 DECEMBER 12 1985

THE MONITORING PROGRAM DETECTED SOLVENTSSOLVENT IN GROUNDWATER ICE AND DEGRADATION BYPRODUCTSBYPRODUCT CIS1

DCE AND VINYL CHLORIDE

THE VOC PLUME COVERSCOVER AN AREA APPROXIMATELY 200 FEET LONG BY 150 FEET WIDE

4
THE DOWNGRADIENT BOUNDARY OF THE VOC PLUME IS DEFINED BY MONITORING WELLSWELL WHICH HAVE

CONSISTENTLY BEEN IN THE RANGE OF ND TO PPB FOR VOCSVOC BASED ON MONITORING FOR 13 YEARS

THE BUILDING AT THE SITE WAS REMOVED IN 1996

ADDITIONAL INVESTIGATIONSINVESTIGATION WERE COMPLETED IN 1996 AS PART OF THE RI EXTENSIVE GEOPROBE AND SOIL

SAMPLING SOIL AND GROUNDWATER SAMPLESSAMPLE ANALYZED FOR VOCSVOC SEMIVOASSEMIVOA TPH PESTICIDESPESTICIDE PCBSPCB AND

TOTAL METALS

THE RIIFSRIIF WAS COMPLETED IN 1997

THE REMEDIAL ACTIONSACTION WERE IMPLEMENTED IN 1997 INCLUDING

SOIL EXCAVATION AND DISPOSAL PRIMARILY TPH HOT SPOTSSPOT FROM FORMER TANK LOCATIONSLOCATION IN SPRING OF

1997

GROUNDWATER INWELL STRIPPING SYSTEM INSTALLED IN HOT SPOT AND DOWNGRADIENT AREA OF THE

PLUME IN FALL OF 1997

4
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30 RISK ASSESSMENT SUMMARY

THISTHI SUMMARY OF THE SITE RISK ASSESSMENT IS TAKEN FROM THE RLFSRLF WESTON 1997A THE INTENT OF RISK

ASSESSMENT UNDER THE MTCA IS TO IDENTIFY REASONABLE MAXIMUM EXPOSURESEXPOSURE RME FOR AFFECTED MEDIA

SOIL AND GROUNDWATER AT THISTHI SITE AND SET CLEANUP GOALSGOAL WHICH ARE PROTECTIVE OF HUMAN HEALTH AND THE

ENVIRONMENT AS OPPOSED TO BASELINE RISK ASSESSMENT

SOIL

THE SITE IS ZONED FOR INDUSTRIAL LAND USE AND THE SURFACE IS CAPPED ALL AREASAREA EXCEEDING MTCA METHOD

STANDARDSSTANDARD WERE EXCAVATED AND REMOVED

GROUNDWATER

A GROUNDWATER IN THE AREA OF THE SITE DOESDOE NOT SERVE AS CURRENT DRINKING WATER SOURCE

B THE GROUNDWATER FLOW DIRECTION IS DIRECTLYIMMEDIATELY UNDER THE AIRPORT ACROSSACROS BOEING PLANT

PROPERTY TO ULTIMATE DISCHARGE IN THE DUWAMISH RIVER WHICH IS NOT SUITABLE FOR DOMESTIC WATER

SUPPLY BOEING AND KCIA CONTROL ALL PROPERTY
IN THE GROUNDWATER PATHWAY FROM THE SITE TO THE

DUWARNISH RIVER

C GROUNDWATER AT THISTHI SITE WILL NOT MIGRATE TO OTHER CURRENTPOTENTIAL FUTURE SOURCESSOURCE OF DRINKING

WATER

D WATER SUPPLY WELL IS NOT COMPATIBLE WITH AIRPORT OPERATIONSOPERATION CONTINUOUSCONTINUOU FUELING OPERATIONSOPERATION

ACTIVITIES

E INSTALLATION OF WATER SUPPLY WELLSWELL IS PROHIBITED BASED ON STATE REGULATIONSREGULATION WAC 173160

171
F WATER SUPPLY WELL IS NOT ALLOWED UNDER KING COUNTY BOARD OF HEALTH TITLE 12 SECTION

1224OLOA HIGHER QUALITY SOURCESSOURCE ARE AVAILABLE AND WATER SUPPLY WELLSWELL ARE REQUIRED TO DRAW

WATER FROM AT LEAST 50 FEET DEEP AND BELOW AT LEAST ONE IMPERMEABLE CONFINING LAYER

G MUNICIPAL WATER SUPPLY IS AVAILABLE ON SITE KCIA WILL NOT ALLOW INSTALLATION OF SUPPLY WELLS

THE REASONABLE MAXIMUM EXPOSURE FOR NONPOTABLE WATER IS PROTECTING THE BENEFICIAL USE OF SURFACE

WATER

31 SUMMARY OF EPA CRITERIA DOCUMENTSDOCUMENT FOR TCE DCE AND VINYL CHLORIDE

SECTION 304 OF THE CLEAN WATER ACT REQUIRESREQUIRE THE EPA TO PUBLISH WATER QUALITY CRITERIA REFLECTING THE

LATEST SCIENTIFIC KNOWLEDGE ON THE NATURE AND EXTENT OF ALL IDENTIFIABLE EFFECTSEFFECT THAT CHEMICALSCHEMICAL IN ANY BODY

OF WATER MAY HAVE ON HUMAN HEALTH AND THE AQUATIC ENVIRONMENT PURSUANT TO THISTHI REQUIREMENT EPA
HAS PUBLISHED AMBIENT WATER QUALITY CRITERIA AWQC DOCUMENTSDOCUMENT FOR ICE DCE AND VINYL CHLORIDE THE

RELEVANT AWQC DOCUMENTSDOCUMENT FOR ICE DCE AND VINYL CHLORIDE WERE PUBLISHED BY THE EPA IN 1980 EPA
980A 980B AND 980C UNDER THE MICA CHAPTER 173340730 WAC SURFACE WATER CLEANUP

STANDARDSSTANDARD ARE TO BE BASED ON WATER QUALITY STANDARDSSTANDARD FOR THE STATE OF WASHINGTON CHAPTER 173201

WAC AND WATER QUALITY CRITERIA PUBLISHED PURSUANT TO SECTION 304 OF THE CLEAN WATER ACT

EMFSUMWPD REV1 PRR 1214010
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ALL OF THESE COMPOUNDSCOMPOUND ARE QUITE VOLATILE AND ARE EXPECTED TO BE RAPIDLY ELIMINATED FROM SURFACE WATER

THROUGH VOLATILIZATION THE EPA CRITERIA DOCUMENTSDOCUMENT NOTE THAT THESE COMPOUNDSCOMPOUND WILL BE QUICKLY

TRANSFERRED FROM AQUATIC SYSTEMSSYSTEM TO THE ATMOSPHERE THROUGH VOLATILIZATION AND STUDIESSTUDIE HAVE SHOWN THAT

THESE COMPOUNDSCOMPOUND SHOULD NOT REMAIN IN AN AQUATIC ECOSYSTEM UNDER MOST NATURAL CONDITIONS DUE TO

THE RELATIVE SOLUBILITY 1100 MGL FOR TCE 2500 MGIL FOR 2DCE AND 2600 MGL FOR VINYL

CHLORIDE
OF THESE COMPOUNDSCOMPOUND THEY ARE NOT BIOACCUMULATED TO ANY SIGNIFICANT DEGREE AND THE HALF LIFE

OF THESE COMPOUNDSCOMPOUND IN BIOLOGICAL TISSUESTISSUE IS LESSLES THAN ONE DAY

TRICHLOROETHENE

THE CRITERIA DOCUMENT STATESSTATE THAT AVAILABLE DATA FOR TCE INDICATE THAT TOXICITY TO FRESHWATER AQUATIC LIFE

HAS BEEN OBSERVED AT CONCENTRATIONSCONCENTRATION AS LOW AS 45 MGI NO DATA ARE AVAILABLE
CONCERNING CHRONIC

TOXICITY TO SENSITIVE FRESHWATER AQUATIC LIFE BUT ADVERSE BEHAVIOR EFFECTSEFFECT NOT TOXIC EFFECTSEFFECT OCCUR IN ONE

SPECIESSPECIE AT CONCENTRATION AS LOW AS 21 9 MGI

DICHLOROETHENE

THE CRITERIA DOCUMENT STATESSTATE THAT AVAILABLE DATA FOR DCE INDICATE THAT TOXICITY TO FRESHWATER AQUATIC LIFE

HAS BEEN OBSERVED AT CONCENTRATIONSCONCENTRATION AS LOW AS 116 MGI NO DEFINITIVE DATA ARE AVAILABLE CONCERNING

CHRONIC TOXICITY TO SENSITIVE FRESHWATER AQUATIC SPECIES MOST OF THE AQUATIC STUDIESSTUDIE FOR DCE HAVE BEEN

CONDUCTED WITH 11DCE ISOMER ONE STUDY TESTING BLUE9ILLSBLUE9ILL FOUND THE 96HOUR LC50 FOR 1DCE AND

2DCE TO BE 739 AND 135 MGI RESPECTIVELY THE CRITERIA DOCUMENT NOTESNOTE THAT THE LOCATION OF THE

CHLORINE ATOMSATOM ON THE DCE MOLECULE 1DCE VERSUSVERSU 2DCE DOESDOE NOT AFFECT THE ACUTE TOXICITY VERY

MUCH FOR FRESHWATER AQUATIC SPECIES

VINYL CHLORIDE

THE CRITERIA DOCUMENT STATESSTATE THAT INSUFFICIENT DATA EXIST FOR VINYL CHLORIDE TOXICITY TO SET CRITERIA FOR

AQUATIC SPECIES ONE BACTERIAL GROWTH TEST INDICATED THAT VINYL CHLORIDE WAS NOT TOXIC TO BACTERIA AT

CONCENTRATIONSCONCENTRATION UP TO 900 MGIL BASED ON AN ESTIMATED BIOCONCENTRATION OF VINYL CHLORIDE IN FISH THE

CRITERIA DOCUMENT STATESSTATE THAT CONCENTRATION OF 0525 MGL WOULD BE PROTECTIVE OF HUMAN HEALTH BASED

ON EXPOSURE FROM FISH CONSUMPTION AT RISK LEVEL OF 10

32 APPLICABLE SURFACE WATER STANDARDSSTANDARD FOR BENEFICIAL USE OF SURFACE WATER

COMPOUND WATER QUALITY CRITERIA BASISBASI FEDERAL REGISTER

REFERENCE

ICE 45 MGI LOEL1 45 FR 79341

DCE 116 MGI LOEL1 45 FR 79332

VINYL 0525 MGI 2AMBIENT CRITERIA FOR HUMAN 45 FR 79341

1EPA CRITERIA DOCUMENTSDOCUMENT USE LOWEST OBSERVED EFFECTSEFFECT LIMIT LOEL FOR THESE COMPOUNDSCOMPOUND

EMFSUMWPD REV1
PROF 1214010
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40 SUMMARY OF REMEDIAL INVESTIGATIONSAMPLI

THISTHI SUMMARY OF INVESTIGATIONSINVESTIGATION AND SAMPLING AT THE SITE IS TAKEN FROM THE INITIAL SITE INVESTIGATION

REPORTSREPORT LANDAU 1993 THE RIESRIE WESTON 1997A AND SUBSEQUENT SAMPLING EVENTS

INITIAL IDENTIFICATION OF CONTAMINATION

INITIAL GROUNDWATER SAMPLING WELLSWELL WERE INSTALLED IN 1985 WELLSWELL SAMPLED FOR 13
YEARSYEAR

STARTING IN 1985 SAMPLING BETWEEN AND TIMESYEAR ANALYZED FOR VOCSVOC AND METALSMETAL

RI PHASE DEMOLITION OF THE BUILDING IN 1996 ALLOWSALLOW ACCESSACCES FOR INVESTIGATION

THE RI WAS FOCUSED TO DELINEATE KNOWNSUSPECTED AREASAREA OF CONTAMINATION REMOVED UST

ABOVE GROUND STORAGE TANKSTANK SUMPSSUMP

SOIL CTIARACTEFLZATION 32 SOIL BORINGSBORING WITH CHEMICAL ANALYSISANALYSI OF SOIL SAMPLESSAMPLE INCLUDING THE

FOLLOWING 29 SAMPLESSAMPLE FOR VOCSVOC 24 SAMPLESSAMPLE FOR METALSMETAL 30 SAMPLESSAMPLE FOR TPH 20 SAMPLESSAMPLE FOR

PCBSPCB SEE APPENDICESAPPENDICE AND OF RIES

TWO SOIL CORE SAMPLESSAMPLE OF THE ACUITARD ZONE PRESENT FROM 40 TO 50 FT BGS INDICATED

HYDRAULIC CONDUCTIVITY OF APPROXMATELY IO CMSCM FOR THISTHI UNIT SEE APPENDIX OF RIESRIE

GROUNDWATER CHARACTENZATION SEE FIGURE 41 FOR GROUNDWATER SAMPLING LOCATIONSLOCATION

29 GEOPROBE SAMPLING IOCATIONSIOCATION MULTIPLE SAMPLESSAMPLE COLLECTED AT DIFFERENT ELEVATIONSELEVATION

SAMPLESSAMPLE FOR METALSMETAL SAMPLESSAMPLE FOR TPH 54 SAMPLESSAMPLE FOR VOCSVOC SEE FIGURESFIGURE

42 TO 45 FOR BASELINE GROUNDWATER PLUME MAPSMAP AND APPENDIX OF RIESRIE FOR

DATA THE DATA PRESENTED IN FIGURESFIGURE 42 TO 45 REPRESENT CONDITIONSCONDITION BEFORE THE

REMEDIATION SYSTEM WAS INSTALLED IN 1997 SEE RECENT MONITORING DATA IN

APPENDIX FOR CURRENT SITE CONDITIONS

WELLSWELL SAMPLED OVER TWO SAMPLING EVENTSEVENT

SAMPLESSAMPLE FOR METALSMETAL SAMPLESSAMPLE FOR VOCSVOC
THE RI INCLUDED TWO GEOPROBE SAMPLING LOCATIONSLOCATION BELOW THE AQUITARD ZONE THE

ANALYTICAL RESULTSRESULT FROM THOSE SAMPLESSAMPLE INDICATED ALL VOCSVOC TO BE AT NONDETECT ND
LEVELSLEVEL

SAMPLING ASSOCIATED WITH REMEDIATION SYSTEM INSTALLATION AND OPERATION

NEW MONITORING WELLSWELL INSTALLED IN ADDITION TO EXISTING WELLSWELL

MONITORING EVENTSEVENT ONE BEFORE STARTUP
WEEKSWEEK AFTER STARTUP AND AFTER MONTHSMONTH OF

OPERATION

42 SAMPLESSAMPLE FOR VOCSVOC SEE FIGURESFIGURE AND TABLESTABLE IN APPENDICESAPPENDICE AND OF THISTHI REPORT FOR DATA

REGULAR MEASUREMENTSMEASUREMENT OF OFFGASOFFGA VOC CONCENTRATION FOR CARBON CHANGEOUT AND

MASSMAS REMOVAL RATESRATE

EMFSIJMWPD REV1 PROJ1214O1O

KCSIIP4 39543



LEGEND

FO TOFFORMEF MFBU

200

FIGURE 41 LOCA11ONSAMPLING PONTSPONT FO

ALL EARE

APP OTHER AL ION



ND

1

ND

ARF KNG COUNTYNTE NAL ARPORT FOO PR OFFOY

19 TO REMEDATONRN AP
ETH GL

LEGEND RGURE 42 TRICHLOROETHENECONCENTRATONSCONCENTRATON GROUNDWATER 1996

D8196 VA

ME



42

AIRF RKNTE NAL

BASED ON HSTORCAL DATA COLLECTED 1996 PROR TO REMEDATIONFOR CURRENT GROUNDWATER DATA SEE APPENDX THENESLL600UGL

FOOTPRINT OFFORMER EMFBULDNG

17

LOCATION
AND 896

FEET
100 200APPROXMATE SCALE

AGURE 44 TRANSTRAN DICHLOROETHENECONCENTRATONSCONCENTRATON GROUNDWATER
NO

2ACE PLUME



AIRF NG COUNTYINTE AIRPORT

BASED ON IN 1996 PRIOR TO REMEDIATIONFOR CURR DY APPENDIX THENES116OOUGL

FOOTPRINT OFFORMER EMFUILDING

THNEON

ER19

171 AT SAMPI ON

MPUNG BE 898BE1WEEN APPAPPROX MATE SOCONCENTRATON CONTOUR FOR SI 2DCE PLUME



ARF RKINGCNTE NALAIRP

BA ON DA BC ED 99 PR TO REMEDIATIONIJRREN FDW BE END

525 UGL

T4

UR LCHLORDEOHS GROUNDWATER
RO

64

200

FO PTFOR EMFBUI

LEGEND

LING
EN 596 AND 896

AND 896ISOCONCENTRAT ON CONTOUR FORPLUME

FEET IOU

APP



50 OBSERVED ATTENUATION PROCESSESPROCESSE AT EMF SITE

THISTHI SUMMARY OF DEGRADATION PROCESSESPROCESSE FOR TCE AT THE SITE IS BASED ON DATA FROM THE INITIAL SITE

INVESTIGATION REPORTSREPORT LANDAU 1993 THE RLFSRLF WESTON 1997A SUBSEQUENT SAMPLING EVENTSEVENT AND

DIRECTIVESDIRECTIVE FROM EPA REGARDING EVALUATION AND CHARACTERIZATION OF DEGRADATION OF CHLORINATED

COMPOUNDSCOMPOUND EPA 1997

PLUME MIGRATION

THE ESTIMATED GROUNDWATER FLOW VELOCITY IS 200 FTYR BASED ON CONDUCTIVITY OF 28 FTDY

CMLSCML MEASURED GRADIENT OF 0005 AND POROSITY
OF 025 THE PLUME TRAVEL TIME SINCE THE

TIME OF RELEASE IS AT LEAST 18 YEARSYEAR AND MORE LIKELY 25 YEARS ASSUMING NO DEGRADATION

PROCESSESPROCESSE THE PREDICTED PLUME MIGRATION IS BETWEEN 3500 FT AND 5000 ACROSSACROS THE AIRPORT

PAST BOEING PLANT FACILITIESFACILITIE AND TO THE DUWAMISH RIVER

THE ACTUAL PLUME MIGRATION HAS BEEN ABOUT 200 FT FROM POINT OF RELEASE OVER 18 TO 25 YEARS

THE PLUME DISTRIBUTION IS STABLE SEASONALISAMPLING VARIATIONSVARIATION EXIST13 YEARSYEAR OF DOWN

GRADIENT MONITORING HAVE SHOWN NO CHANGES

DEGRADATION PRODUCTSPRODUCT

EXPECTED ICE DEGRADATION PRODUCTSPRODUCT OF CIS1 DCE AND VINYL CHLORIDE ARE PRESENT DOWN

GRADIENT FROM THE SOURCE THE PRESENCE OF CIS1 DCE IS DISTINCT MARKER OF TCE DEGRADATION

PROCESSESPROCESSE BECAUSE IT IS NOT MANUFACTURED SUBSTANCE

DOWNGRADIENT MONITORING WELLSWELL ABOUT 200 FEET FROM THE SOURCE SHOW COMPLETE DECHLORINATION

IE TCE DCE AND VINYL CHLORIDE ARE REDUCED TO LEVELSLEVEL IN THE RANGE OF ND3 PPB

WELLSWELL LOCATED IN THE DOWNGRADENT VOC PLUME IN THE
RANGE

OF 50 TO 150 FEET FROM THE SOURCE

HAVE CHLORIDE CONCENTRATIONSCONCENTRATION ABOUT 600 HIGHER THAN BACKGROUND WELLSWELL AS RESULT OF THE TCE

DEGRADATION BY REDUCTIVE DECHLORINATION

THE GROUNDWATER IS STRONGLY REDUCING ENVIRONMENT LOW REDOX POTENTIAL DISSOLVED IRON FE

II IS PRESENT LOW DISSOLVED OXYGEN LEVELSLEVEL

DEGRADATION RATE

BASED ON SITE CONDITIONSCONDITION AND PLUME DISTRIBUTION THE FIRSTORDER
DEGRADATION RATE FOR TCE IS

ESTIMATED TO BE 28 1YR HATF LIFE OF 025 YEARS THISTHI VALUE IS AT THE LOW END OF REPORTED

TCE DEGRADATION RATESRATE UNDER ANAEROBIC CONDITIONSCONDITION HOWARD ET AL 1991 SEE THE PREDICTED

PLUME DISTRIBUTION MAPSMAP FIGURE 51 CENTERLINE OF PLUME WITH AND WITHOUT DEGRADATION INCLUDING

FILD DATA FIUR 52 PLUME DISTRIBUTION WITHOUT DERADTION 53 PLUME DISTRIBUTION WITH

ENRAAON COR HE CASE WTHOUT DEORADATION THE RREDICTED TC CONCENTRATIONSCONCENTRATION ARE ABOUT

ORGRSORGR OLMNUCE IGHER THAN ARE ACUAY PRESENT IN DOWNGRADIENT WELLSWELL

EMFSUMWPD REV1 12
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60 SUMMARY OF FEASIBILITY STUDY

THISTHI SUMMARY OF THE FEASIBILITY STUDY IS TAKEN FROM THE RLFSRLF WESTON 997A THE FEASIBILITY STUDY FOR

SELECTION OF CLEANUP ACTIONSACTION WAS COMPLETED FOLLOWING THE MTCA GUIDANCE WAC 173340360

SOIL REMEDIATION

EXCAVATION WITH OFTSITE DISPOSAL WAS CHOSEN AS PRESUMPTIVE REMEDY FOR THE LIMITED AREASAREA OF

SOIL CONTAMINATION PRESENT AT THE SITE THISTHI REMEDIAL ACTION MEETSMEET THE THRESHOLD REQUIREMENTSREQUIREMENT

PROTECT HUMAN HEALTH AND THE ENVIRONMENT

COMPLY WITH CLEANUP STANDARDSSTANDARD

COMPLY WITH ARARSARAR

PROVIDE FOR MONITORING

THISTHI ACTION ALSO RANKSRANK FAVORABLY FOR ALL OF THE OTHER SCREENING CRITERIA INCLUDED UNDER THE MICA

GROUNDWATER REMEDIATION

AN INITIAL SCREENING EVALUATION EXAMINED SEVERAL INSITU AND EXSITU TREATMENT PROCESSES

CONTAINMENT TECHNOLOGIESTECHNOLOGIE SUCH AS SLURRY WALL WERE ELIMINATED IN SCREENING DUE TO THE

DESIRE TO REMOVE SOLVENTSSOLVENT FROM GROUNDWATER AND THE FACT THAT EFFECTIVE CONTAINMENT IS ALREADY

PROVIDED BY EXISTING NATURAL ATTENUATION
PROCESSESPROCESSE REDUCTIVE DECHLORINATION OF TCE AND BY

PRODUCTS

FOLLOWING THE INITIAL SCREENING THREE TECHNOLOGIESTECHNOLOGIE FOR GROUNDWATER WERE CONSIDERED IN MORE

DETAIL

EXTRACTION AND TREATMENT WITH UV OXIDATION

EXTRACTION AND TREATMENT WITH AIR STRIPPING AND ACTIVATED CARBON FOR OFFGASOFFGA
INSITU TREATMENT USING INWELL

STRIPPING
WITH ACTIVATED CARBON FOR OFFGASOFFGA

THESE THREE ALTERNATIVESALTERNATIVE WERE EVALUATED AND RANKED RELATIVE TO THE MICA SELECTION CRITERIA ALL

THREE ALTERNATIVESALTERNATIVE MET THE REQUIRED THRESHOLD CRITERIA BIDSBID WERE SOLICITED FROM SEVERAL VENDORSVENDOR

TO PROVIDE THE COST ESTIMATESESTIMATE USED IN THE FEASIBILITY STUDY INSITU TREATMENT USING INWELL

STRIPPING WAS RANKED THE MOST PREFERABLE OPTION BASED ON AN EVALUATION OF THE REMAINING

MTCA SELECTION CRITERIA

EMFSUMWPD REV 16
PROF 1214010
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70 SUMMARY OF REMEDIAL ACTIONSACTION FOR SOIL

SUMMARY OF PRIOR TANK REMOVAVSOIL REMOVAL ACTIONSACTION

OCTOBER 1982 CHROMIUM CONTAMINATED SOIL WAS IDENTIFIED AND EXCAVATED ECOLOGY WAS NOTIFIED

AND PROVIDED OVERSIGHT TOTAL OF 36 YDS OF SOIL WERE REMOVED ADDITIONAL SOIL AND GROUNDWATER

SAMPLING WERE CONDUCTED DURING THE RI

MARCH 1986 TANK PL2062000 GALLON BUNKER FUEL TANK 65 YDS OF SOIL REMOVED THE

EXCAVATION WAS BACKFILLED WITH ECOLOGY CONCURRENCE ADDITIONAL SOIL AND GROUNDWATER SAMPLING

WERE CONDUCTED DURING THE RI

MARCH 1986 TANK PL204 110 GALLON GASOLINE TANK NO LEAKAGE HOLE BACKFILLED ADDITIONAL SOIL

AND GROUNDWATER SAMPLING WERE CONDUCTED DURING THE RI

APRIL 1986 CONCRETE AROUND FORMER CHROMIC ACID TANK PL205 CHROME FOUND IN SOIL 20 YDS OF

SOIL REMOVED HOLE BACKFLHLED WITH ECOLOGY CONCURRENCE ADDITIONAL SOIL AND GROUNDWATER

SAMPLING WERE CONDUCTED DURING THE RI

APRIL 1986 TANK PL207 1500 GALLON TANK DIESEL 80 CUBIC YDS OF SOIL WERE REMOVED AND THE

EXCAVATION BACKFILLED ADDITIONAI SOIL AND GROUNDWATER SAMPLING WERE CONDUCTED DURING THE RI

AUGUST 1986 TANK PL203 3000 GALLON TANK DIESEL NO LEAKAGE EXCAVATION BACKFILLED

ADDITIONAL SOIL AND GROUNDWATER SAMPLING WERE CONDUCTED DURING THE RI

AUGUST 1986 SPILL RETENTION BASIN WITHIN COMPRESSOR HOUSE 72 YDS OF SOIL REMOVED RESULTSRESULT OF

SOIL SAMPLESSAMPLE SUBMITTED TO ECOLOGY

SOIL REMOVAL ACTIONSACTION IN CLEANUP ACTION FOLLOWING RLFSRLF
MAY 1997 SOIL WAS REMOVED IN AREASAREA WITH ELEVATED IPH LEVELSLEVEL TOTAL REMOVAL OF 35 YDS

SAMPLING FROM SIDEWALLSSIDEWALL OF EXCAVATIONSEXCAVATION VERIFY THAT IPH LEVELSLEVEL WERE BELOW MICA METHOD

STANDARDSSTANDARD SEE DATA IN TABLE 23 OF RA REPORT

MAY 1997 SOIL REMOVAL FOR CONSTRUCTION OF TREATMENT WELLSWELL INFILTRATION GALLERIESGALLERIE 105 YDS

TOTAL SOIL REMOVAL ACTIONSACTION

413 YDS OF SOIL WERE REMOVED AND DISPOSED OF OFFSITE

CAPPING

THE ENTIRE SITE WAS REPAVED WITH NEW STORM WATER RUNOFF COLLECTION SYSTEM

COMPLETION OF REMEDIAL ACTIONSACTION FOR SOD

THE RI AND CLEANUP ACTIONSACTION HAVE INCLUDED EXTENSIVE SAMPLING OF ALL AREASAREA SUSPECTED TO HAVE SOIL

CONTAMINATION THE SOIL REMOVAL ACTIONSACTION HAVE REMOVED WITH OFFSITE DISPOSAL ALL SOIL WITH

CONTAMINATION EXCEEDING MICA METHOD STANDARDS THE CONFIRMATIONAL SAMPLING EITHER AS PART

OF THE RI OR SAMPLING FROM SIDEWALLSSIDEWALL OF EXCAVATIONSEXCAVATION DURING REMOVAL ACTIONSACTION HAVE VERIFIED THAT ALL AREASAREA

WITH SOIL CONTAMINATION HAVE BEEN REMEDIATED TO LEVELSLEVEL BELOW MICA METHOD STANDARDS

EMFSUMWPD RE1 1214010
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80 SUMMARY OF REMEDIAL ACTIONSACTION FOR GROUNDWATER

THE FEASIBILITY STUDY SELECTED INWELL
STRIPING AS THE PREFERRED REMEDIAL TECHNOLOGY FOR GROUNDWATER

CONTAMINATION BACKGROUND INFORMATION ON THISTHI TECHNOLOGY IS PRESENTED IN APPENDIX TO THISTHI REPORT

THE CLEANUP ACTION PLAN WESTON 1997B PROVIDESPROVIDE GENERAL DESIGN DETAILSDETAIL FOR THE SYSTEM INSTALLED

ADDITIONAL DETAILSDETAIL OF SYSTEM PERFORMANCE TOE MASSMAS REMOVAL AND TCE CONCENTRATION REDUCTIONSREDUCTION AT

THISTHI SITE ARE PRESENTED IN THISTHI SECTION

INWELL STRIPPING SYSTEM FOR GROUNDWATER REMEDIATION SEE FIGURE 81 FOR TYPICAL WELL DESIGN

TWO TREATMENT WELLSWELL WERE INSTAUED ONE WELL IS LOCATED AT THE HOT SPOT FOR SOURCE REMOVAL

INCLUDING SEPARATE FREEPHASE NAPL
RECOVERY

AND THE SECOND IS LOCATED NEAR THE DOWN

GRADIENT END OF THE PLUME FOR ADDED TREATMENTCONTAINMEN THE DIAMETER OF

TREATMENTCAPTURE ZONE IS MEASURED AT 150 FEET BASED ON MEASURED CONCENTRATION

REDUCTIONSREDUCTION AND DRAWDOWN IN PERFORMANCE MONITORING WELLSWELL SEE FIGURESFIGURE 82 83 AND 84

PERFORMANCE DATA

ICE MASSMAS REMOVAL SEE FIGURE 85
FREE PHASE TCE RECOVERED 26 LITERSLITER 80 IBS

ICE VAPOR RECOVERY 00 LBS OF TCE REMOVED VIA ACTIVATED CARBON

CURRENT MASSMAS REMOVAL RATE 2 LBSDAY OF ICE

TCE CONCENTRATION REDUCTIONSREDUCTION

ICE IN HOT SPOT WELL HAS DECREASED BY 57
TCE IN PERFORMANCE MONITORING WELLSWELL WITHIN PLUME HAS SHOWN 96 TO 99
CONCENTRATION REDUCTIONSREDUCTION MW8 MW9 MW10 SEE FIGURE 82
DCE AND VC CONCENTRATIONSCONCENTRATION HAVE BEEN UP AND DOWN TYPICALLY SEVERAL ORDERSORDER OF

MAGNITUDE LESSLES THAN TOE LEVELSLEVEL

EMFSUMWPD REV1 18
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FIGURE 82 OBSERVED TCE CONCENTRATION REDUCTIONSREDUCTION

IN PERFORMANCE MONITORING WELLSWELL FORMER EMF SITE
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THISTHI FIGURE SHOWSSHOW THE PREDICTED FLOW PATTERNSPATTERN AROUND THE TREATMENT WELLS THE TREATMENT ZONE IS 150 FEET DIAMETER FIELD MONITORING DATA CONCENTRATIONREDUCTION IN MONITORING WELLSWELL HAVE VERIFIED THE TREATMENT ZONE SIZE

FIGURE 83 RECIRCULATING WELL FLOW PATHSPATH PERPENDICULAR

TO GRADIENT FORMER EMF SITE
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PERFORMANCE MONITORING

WELL MW8

THISTHI FIGURE SHOWSSHOW THE PREDICTED FLOW PATTERNSPATTERN AROUND THE DOWN GRADIENT TREATMENT WELL NV2 PATTERNSPATTERN WHICH ARE PARALLEL TO THE FLOW DIRECTION SEE FIGURE

82 FOR CONCENTRATION REDUCTIONSREDUCTION IN THE PERFORMANCE MONITORING WELLSWELL SHOWN IN THISTHI FIGURE

FIGURE 84 RECIRCULATING WELL FLOW PATHSPATH PARALLEL TO GRADIENTFORMER EMF SITE
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FIGURE 84 INWELL STRIPPING SYSTEM TCE MASSMAS REMOVALFORMER EMF SITE
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IEMFNVO1 168 197 193

IEMF MW8

155 17 33
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WI MANUFIWTURING FAWTYGROUND WA EAUPSAM P1MG THRU FEBRUARY 1998VINY CHLORIDE
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100
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IMFMWSIMFMW ILL II 14 IEMFMW2 22 27 59

VINYL CHLORIDE 1101097 21098

25 50

EMF MW1SMW1 100 100 100MONITORING WELL LOCATION DESIGNATIONAPPROXIMATE SCALER FEET V0 TREATMENT WELL LOCATION DESIGNATION

75

IEMFMW7 1100 1100 100

PERIMETER ROAD

EQUIPMENT TRAILER

IEMFV 2000 I000 110000

IEMFMW8 10 2CC 1430

IEMFNV02 20

1Q72 312 NV023D

IMFMW6 1200 00

11012

EK4F NW10 1322 1100 1100
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APPENDIX

ANALYTICAL RESULTSRESULT FROM RECENT GROUNDWATER SAMPLING EVENTSEVENT

DATA FROM MONITORING EVENTSEVENT IN

FEBRUARY 1998

OCTOBER 1997

JULY 1997
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EMF QUARTERLY GROUNDWATER SAMPLINGFEBRUARY 1998

EAL SAMPLE IDSAMPLE NAMESAMPLE DATEDILUTION FACTOR

35144 35145EMFMW1SEMFMW1 EMFMW110FEB1998 10FEB1998

35145EMFMW110F EB1998

35151 35147 35146 35153 35152 35149EMFMW2 EMFMW3SEMFMW3 EMFMW3D EMFMW4 EMFMW5 EMFMW6

11 FEB1998 1OFEB1998 I0FEB1998 11FEBI 998 1FEBI998 10FEB1998

TEST ID VOA60 UNITSUNITDICHLORODIFLUOROMETH UGH 100 100 200 100 100 100 100 100 100CHIOROMETHANE UGH 100 100 200 100 100 100 100 100 100VINYL CHLORIDE UGH 100 185 147 59 100 413 100 14 100BROMOMETHANE UGH 100 100 200 100 100 100 100 100 100CHIOROETHANE UGL 100 100 200 100 100 100 100 100 100ACROLEIN UGH 500 500 1000 500 500 500 500 500 500TRICHLOROFLUOROMETHA UGH 100 100 200 100 100 100 100 100 100ACETONE 2PROPANONE UGH 100 100 200 100 100 100 82 100 10011DICHIOROETHENE UGH 100 100 200 100 100 100 100 100 100ACRYLONITRILE UGH 500 500 1000 500 500 500 500 500 500METHYLENECHLORIDE UGH 100 100 200 100 100 100 100 100 100CARBON DISULFIDE UGH 100 100 200 100 100 100 100 100 100TRANS12DICHLOROETH UGH 100 24 21 100 100 11 100 100 10011DICHIOROETHANE UGH 100 100 200 100 100 100 100 100 1002BULANONE MEK UGL 400 400 800 400 400 400 400 400 400CIS12DICHLOROETHEN UGH 66 17100 137 23 100 134 100 53 100BROMOCHIOROMETHANE UGLL 100 100 200 100 100 100 100 100 100CHLOROFORM UGH 100 100 200 100 13 100 20 100 10022DICHLOROPROPANE UGH 100 100 200 100 100 100 100 100 10012DICHLOROETHANE UGH 100 100 200 100 100 100 100 100 100111TRICHIOROETHANE UGH 100 100 200 100 100 100 100 100 10011DICHLOROPROPENE UGH 100 100 200 100 100 100 100 100 100CARBONTETRACHLORIDE UGH 100 100 200 100 100 100 100 100 100BENZENE UGH 100 100 200 100 100 100 100 100 100DIBROMOMETHANE UGH 100 100 200 100 100 100 100 100 10012DICHIOROPROPANE UGH 100 100 200 100 100 100 100 100 100TRICHLOROETHENE UGH 406 845 765 100 38 12 19 100 107BROMODICHLOROMETHANE UGIL 100 100 200 100 100 100 100 100 1002CHLOROETHYMNYL ETHER UGH 200 200 400 200 200 200 200 200 200CIS13DICHLOROPROPE UGIL 100 100 200 100 100 100 100 100 100UGIL 100 100 200 100 100 100 100 100 100TRANS13DICHLOROPRO UGL 100 100 200 100 100 100 100 100 100112TRICHLOROETHANE UGL 100 100 200 100 100 100 100 100 100TOLUENE UQHL 100 100 200 100 100 100 100 100 100C
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EMF QUARTERLY GROUNDWATER SAMPLINGFEBRUARY 1998

EAL SAMPLE ID 35144 35145 35145 35151 35147 35146 35153 35152 35149SAMPLE NAME EMFMW1SEMFMW1 EMFMW1D EMFMW1D EMFMW2 EMFMW3SEMFMW3 EMFMW30 EMFMW4 EMFMW5 EMFMW6SAMPLE DATE 10FEB1998 10FEB1998 10FEB1998 11FEB1998 10FEB1998 10FEB1998 11FEB1998 11FEB1998 10FEB1998DILUTION FACTOR13DICHIOROPROPARIE UGH 100 100 200 100 100 100 100 100 1002HEXANONE UGH 100 100 200 100 100 100 100 100 100DIBROMOCHIOROMETHANE UGL 100 100 200 100 100 100 100 100 10012DIBROMOETILAILE UGT 100 100 200 100 100 100 100 100 100TETRACTILOROETHENE UGH 100 100 200 100 100 100 100 100 1001112TETRACHIOROETHA UGH 100 100 200 100 100 100 100 100 100CHLOROBENZENE UGL 100 100 200 100 100 100 100 100 100ETHYLBENZENE UGL 100 100 200 100 100 100 100 100 100BROMOFORM UGH 100 100 200 100 100 100 100 100 100STYRENE UGH 100 100 200 100 100 100 100 100 100XYLENE TOTAL UGLL 200 200 400 200 200 200 200 200 200123TRICHLOROPROPANE UGL 100 100 200 100 100 100 100 100 100LSOPROPYLBENZENECUME UGH 100 100 200 100 100 100 100 100 100BROMOBENZENE UGH 100 100 200 100 100 100 100 100 100NPROPYLBENZENE UGL 100 100 200 100 100 100 100 100 1002CHIOROTOLUENE UGIL 100 100 200 100 100 100 100 100 1004CHIOROTOLUENE UGH 100 100 200 100 100 100 100 100 100135TRIMETHYLBENZENE UGH 100 100 200 100 100 100 100 100 100TERTBUTYLBENZENE UGL 100 100 200 100 100 100 100 100 100124TRIMETHYLBENZENE UGL 100 100 200 100 100 100 100 100 100SECBUTYLBENZENE UGL 100 100 200 100 100 100 100 100 10013DICHLOROBENZERIE UGH 100 100 200 100 100 100 100 100 10014DICTILOROBENZENE UGH 100 100 200 100 100 100 100 100 1004ISOPROPYLTOLUENE UGH 100 100 200 100 100 100 100 100 10012DICHLOROBENZENE UGL 100 100 200 100 100 100 100 100 100NBUTYLBENZENE UGH 100 100 200 100 100 100 100 100 10012DIBROMO3CHLOROP UGL 100 100 200 100 100 100 100 100 100124TRICHLOROBEN2ENE UGL 100 100 200 100 100 100 100 100 100NAPHTHALENE UGH 100 100 200 100 100 100 100 100 100HEXACHIOROBUTADIENE UGH 100 100 200 100 100 100 100 100 100123TRICHIOROBENENE UGH 100 100 200 100 100 100 100 100 1001122TETRACHLOROETHA UGJL 100 100 200 100 100 100 100 100 100DIBROMOFLUOROMETHANE REC 994 1008 988 962 986 988 924 948 1008TOLUENED8 REC 104 1026 982 100 1054 1034 104 952 1038
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10000 1000 10010000 1000 100

312 423 10010000 1000 10010000 1000 10050000 5000 50010000 1000 10010000 1000 4610000 1000 10050000 5000 50010000 1000 10010000 1000 100

153 213 10010000 1000 10040000 4000 4006200 788 10010000 1000 10010000 1000 10010000 1000 10010000 1000 10010000 1000 10010000 1000 10010000 1000 10010000 1000 10010000 1000 10010000 1000 1007500 1000 10010000 1000 10020000 2000 20010000 1000 10010000 1000 10010000 1000 10010000 1000 10010000 1000 100

EMF QUARTERLY GROUNDWATER SAMPLINGFEBRUARY 1998

35154
TRIP BLANK1FEB1998

EAL SAMPLE ID 35148 35143 35142 35141 35139 35140 35150SAMPLE NAME EMFMW7 EMFMW8 EMFMW9 EMFMW10 EMFNV01 EMFNV02 EMFDUPSAMPLE DATE 10FEB1998 10FEB1998 9FEB1998 9FEB1998 9FEB1998 9FEB1998 10FEB1998DILUTION FACTOR 10 200 100 10000 100 10

TEST VOA80 UNITSUNITDICHLORODIFLUOROMETH UGH 100 1000 20000 10000 1000000CHLOROMETHANE UGH 100 1000 20000 10000 1000000VINYL CHLORIDE UGHL 100 430 1120 10000 1000000BROMOMETHANE UGLL 100 1000 20000 10000 1000000CHIOROETHANE UGH 100 1000 20000 10000 1000000ACROLEIN UGH 500 5000 100000 50000 5000000TRICHLOROFLUORORNETH UGH 100 1000 20000 10000 1000000ACETONE 2PROPANONE UGH 100 1000 20000 10000 100000011DICHIOROETHENE UGH 100 1000 20000 10000 1000000ACRYLONITNIE UGH 500 5000 100000 50000 5000000METHYLENE CHLORIDE UGJL 100 1000 20000 10000 1000000CARBON DISULFIDE UGIL 100 1000 20000 10000 1000000TRANSI 2DICHLOROETHENE UGH 100 219 20000 10000 100000011DICHIOROETHANE UGH 100 1000 20000 10000 10000002BUTANONE MEK UGII 400 4000 80000 40000 4000000CIS12DICHLOROETHEN UGL 100 808 8250 3700 1000000BROMOCHLOROMETHANE UGH 100 1000 20000 10000 1000000CHLOROFORM UGH 100 1000 20000 10000 100000022 DICHLOROPROPANE UGJI 100 1000 20000 10000 100000012DICHLOROETHANE UGL 100 1000 20000 10000 1000000111TRICHIOROETHANE UGH 100 1000 20000 10000 100000011DICHIOROPROPENE UGIT 100 1000 20000 10000 1000000CARBON TETRACHLORIDE UGL 100 1000 20000 10000 1000000BENZENE UGL 100 1000 20000 10000 1000000DIBROMOMETHANE UGH 100 1000 20000 10000 100000012DICHLOROPROPANE UGH 100 1000 20000 10000 1000000TRICHLOROETHENE UGH 56 1000 720 114 430000BROMODICHLORORNETHAN UGL 100 1000 20000 10000 10000002CHIOROETHYLVINYL ETHER UGHL 200 2000 40000 20000 2000000CIS13DICHLOROPROPE UGHL 100 1000 20000 10000 1000000UGH Z100 1000 20000 10000 1000000TRANSI 3DICHLOROPROPENE UGH 100 1000 20000 10000 1000000112TRICHIOROETHANE UGL 100 1000 20000 10000 1000000TOLUENE UGIL 100 1000 20000 10000 1000000C
COCN
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EMF QUARTERLY GROUNDWATER SAMPIJNGFEBRUARY 1998

EAL SAMPLE 1L 35148 35143 35142 35141 35139 35140 35150 35154SAMPLE NAME EMFMW7 EMFMW8 EMFMW9 EMFMW10 EMF NV 01 EMF NV 02 EMF DTJP TRIP BLANKSAMPLE DATE 10FEB1998 10FEB1998 9FEB1998 9FEBI 998 9FEB1998 9FEB1998 10FEB1998 1FEB1998DILUTION FACTOR 10 200 100 10000 100 1013DICHLOROPROPANE UL 100 1000 20000 10000 1000000 10000 1000 1002HEXANONE TIL 100 1000 20000 10000 1000000 10000 1000 100DIBROMOCHLOROMETHANE UGH 100 1000 20000 10000 1000000 10000 1000 10012DIBROMOETLIANE UGHL 100 1000 20000 10000 1000000 10000 1000 100TETRACHLOROETHENE UGH 100 1000 20000 10000 1000000 10000 1000 1001112TETRACHIOROETHA UGL CZL00 1000 20000 10000 1000000 10000 1000 100CHLOROBENZENE UGL 100 1000 20000 10000 1000000 10000 1000 100ETHYLBENZENE UGHT 100 1000 20000 10000 1000000 10000 1000 100BROMOFORM UGL 100 1000 20000 10000 1000000 10000 1000 100STYRENE UGH 100 1000 20000 10000 1000000 10000 1000 100XYLENE TOTAL UGL 200 2000 40000 20000 2000000 20000 2000 200123TRICHIOROPROPANE UGL 100 1000 20000 10000 1000000 10000 1000 100SOPROPYLBENZENE CURNENE UGL 100 1000 20000 10000 1000000 10000 1000 100BRORNOBENZENE UGL 100 1000 20000 10000 1000000 10000 1000 100NPROPYLBENZENE UGH 100 1000 20000 10000 1000000 10000 1000 1002CHIOROTOLUENE UGH 100 1000 20000 10000 1000000 10000 1000 1004CHIOROTOLUENE UGL 100 1000 20000 10000 1000000 10000 1000 100135TRIMETHYLBERIZEN UGH 100 1000 20000 10000 1000000 10000 1000 100TERTBUTYLBENZENE UGH 100 1000 20000 10000 1000000 10000 1000 100124TRIMETHYLBERIZEN UGH 100 1000 20000 10000 1000000 10000 1000 100SECBUTYLBENZENE UGL 100 1000 20000 10000 1000000 10000 1000 10013DICHLOROBEFLZENE UGL 100 1000 20000 10000 1000000 10000 1000 10014DICHLOROBENZENE UGH 100 1000 20000 10000 1000000 10000 1000 1004ISOPROPYFTOLUENE UGHL 100 1000 20000 10000 1000000 10000 1000 10012DICHLOROBEFLZENE UGL 100 1000 20000 10000 1000000 10000 1000 100NBUTYTBENZENE UGL 100 1000 20000 10000 1000000 10000 1000 10012DIBROMO3CHLOROP UGL 100 1000 20000 10000 1000000 10000 1000 100124TRICHLOROBENZENE UGH 100 1000 20000 10000 1000000 10000 1000 100NAPHTHALENE UGH 100 1000 20000 10000 1000000 10000 1000 100HEXACHIOROBUTADIENE UGL 100 1000 20000 10000 1000000 10000 1000 100123TRICHLOROBENZENE UGH 100 1000 20000 10000 1000000 10000 1000 1001122TETRACHIOROETHA UGL 100 1000 20000 10000 1000000 10000 1000 100DIBROMOFLUORORNETHAN REC 1008 964 994 1014 1056 1016 964 948TOLUERIED8 FEC 996 952 99 1042 1034 103 968 976
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EMF QUARTERLY GROUNDWATER MONITORINGFEBRUARY 1998

EAL SAMPLE ID 35144 35145 35151 35147 35146 35153 35152 35149SAMPLE NAME EMFPW1SEMFPW1 EMFMW1D EMFMW2 EMFMW3SEMFMW3 EMFMW3D EMFMW4 EMFMW5 EMFMW6SAMPLE DATE 10FEB1998 1OFEB1998 11FEB1998 1OFEB1998 10FEB1998 11FEB1998 11FE61998 10FEB1998

TEST ID ANIONSARTNITRATE MGL 13 006 028 043 006 017 004 12NITRITE MGIL 001 001 001 001 001 001 001 001SULFATE MGL 220 210 94 44 10 58 80 61CARBONATE MGIL 100 100 100 100 100 100 100 100BICARBONATE MGL 51 96 110 92 170 31 150 100CHLORIDE MGIL 26 14 41 29 48 31 71 630PHOSPHATE MGL 0004 0004 0058 0029 0004 0014 045 0042SULFIDE MGL 005 005 005 005 005 005 005 005

TEST ID GFAAANTIMONY UGIL 13 13 13 13 13 13 13 13ARSENIC UGL 49 15 15 15 15 19 15CADMIUM UGL 019 010 018 034 010 01 010 010LEAD UGL 16 12 11 23 1030 1030 12SELENIUM UGL 1530 530 1530 1530 1530 530 530 1530THALLIUM UGIL 15 15 15 15 15 15 15 15

TEST ID HC3MERCURYINAQUEOUSSOLU UGH 0021 0021 0021 0021 0021 0021 0021 0021

TEST ID LCPPPDSILVER MGIL 00030 00030 00030 00030 00030 00030 00030 00030BERYLLIUM MGL 00050 00050 0050 00050 00050 00050 00050 00050CADMIUM NIGL 00040 00040 00040 0009 00040 00040 00040 0009CHROMIUM NIGL 00060 00060 0060 00060 00060 00060 00060 00060COPPER MGL 0031 0018 0054 0019 0016 0024 0029 004

IRON MGIL 15 17 22 18 14 37 14 29MANGANESE MGL 039 064 025 019 055 0047 067 0022NICKEL MGL 0031 0031 0031 031 0031 0031 0031 0031

ZINC RNGL 0018 0018 0018 0022 0018 0018 0018 0018
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EMF QUARTERLY GROUNDWATER MONITORINGFEBRUARY 1998

EAL SAMPLE ID 35148 35143 35142 35141 35139 35140 35150SAMPLE R4AME EMFMW7 EMFMW8 EMFMW9 EMFMW10 EMFNV01 EMFNV02 EMFOUPSAMPLE DATE 10 FEB1998 10FEB 1998 9FEB1998 FEB1998 9FEB1998 9FEB1998 10FEB 1998

TEST ID ANIQNSARINITRATE MGIL 076 005 002 001 004 001 005NITRITE MGIL 001 001 002 001 001 002 001SULFATE MGL 65 5000 83 15 71 90 62CARBONATE MGIL 100 00 00 100 100 100 00BICARBONATE MGIL 93 210 190 180 110 71 200CHLORIDE MGL 67 33 50 44 93 95 320PHOSPHATE NIGFL 0014 0004 0004 0004 0004 0012 0004SULFIDE MGL 005 005 005 005 005 005 005

TEST ID GFAAANTIMONY UGIL 13 13 13 13 13 13 13ARSENIC UGIL 15 15 15 28 15 43 5CADMIUM UGIL 010 010 010 010 047 010 010LEAD UGLL 11 13 1030 69 12 11 16SELENIUM UGLL 1530 530 1530 1530 1530 530 530THALLIUM UGL 15 5 5 15 15 5 5

TEST ID HGMERCURYINAQUEOUSSOLU UGL 0021 0021 0021 0021 0021 0021 0021

TEST ID ICPPPDSILVER MGL 00030 00030 00030 00030 0006 00030 00030BERYLLIUM MGL 00050 00050 00050 00050 00050 00050 00050CADMIUM MGL 0005 00040 00040 00040 0007 0004 00040CHROMIUM MGL 00060 00060 00060 0095 001 00060 00060COPPER MGL 0065 0003 00030 024 002 0024 004

IRON MGL 19 43 69 53 30 20MANGANESE MGL 013 037 062 011 013 03 039NICKEL MGL 031 0031 031 0031 0031 0031 0031

ZINC MGL 0035 0018 0018 0018 0042 0018 0018

C
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EMF QUARTERLY GROUNDWATER SAMPLINGOCTOBER 1997

EAL SAMPLE ID 32699 32700 32715 32701 32702 32703 32704 32705SAMPLE NAME GWQ2EMFO SO GWO2EMFO1 D0 GWO2EMFO20 3W02EMFO3S0 GWO2EMFO3D0 GWO2EMFO40 GWO2 EMFO50 GWO2 EMFO60SAMPLE DATE 10OCT97 10OCT97 9OCT97 10OCT97 10OCT97 9OCT97 9OCT97 9OCT97DILUTION FACTOR

TEST ID VOA60 UNITSUNITDICHLORODIFLUOROMETH UGH 100 100 100 100 100 100 100 100CHIOROMETHANE UGH 100 100 100 100 100 100 100 100VINYL CHLORIDE UGH 100 24 27 100 45 100 12 100BROMOMETHANE UGL 100 100 100 100 100 100 100 100CHLOROETHANE UGL 100 100 100 100 100 100 100 100TRICHLOROFLUOROMETHA UGH 100 100 100 100 100 100 100 100ACETONE2PROPANONE UGH 100 100 100 100 100 100 100 10011DCHLOROETHENE UGH 00 00 00 00 00 00 00 100METHYLENECHLORIDE UGH 100 100 100 100 100 100 100 100CARBON DISULFIDE UGH 100 100 100 100 100 100 100 100TRANS12DICHLOROETH UGH 100 100 100 100 12 100 100 10011DICHLOROETHANE UGH 100 100 100 100 100 100 100 1002BUTANONE MEK UGH 400 400 400 400 400 400 400 400CIS12DICHLOROETHEN UGH 16 11 24 100 191 14 32 100BROMOCHLOROMETHANE UGHL 100 100 100 100 100 100 100 100CHLOROFORM UGL 100 100 100 14 100 100 100 10022DICHLOROPROPANE UGH 100 100 100 100 100 100 100 10012DICHIOROETHANE UGH 100 100 100 100 100 100 100 100111TRICHIOROETHANE UGH 100 100 100 100 100 100 100 100ILDICHIOROPROPENE UGH 100 100 100 100 100 100 100 100CARBON TETRACHIORIDE UGIL 100 100 100 100 100 100 100 100BENZENE UGL 100 100 100 100 100 100 100 100DIBROMOMETHANE UGL 100 100 100 100 100 100 100 10012DICHLOROPROPANE UGH 100 100 100 100 100 100 100 100TRICHLOROETHENE UGHL 152 299 100 57 100 100 17 382BROMODICHLOROMETHANE UGH 100 100 00 100 100 100 100 1002CHIOROETHYLVINYL ETHER UGH 200 200 200 200 200 200 200 200CIS13DICHLOROPROPE UGL 100 100 100 100 100 100 100 1004METHYL2PENTANONE MIE UGL 100 100 100 100 100 100 100 100TRANS13DICHLOROPRO UGL 100 100 100 100 100 100 100 100112TRICHIOROETHANE UGL 100 100 100 100 100 100 100 100TOLUENE UGL 100 100 100 100 100 100 100 10013DICHLOROPROPANE UGH 100 100 100 100 100 100 100 1002HEXANONE UGH 100 100 100 100 100 100 100 100
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EMF QUARTERLY GROUNDWATER SAMPLINGOCTOBER 1997

EAL SAMPLE ID 32699 32700 32715 32701 32702 32703 32704 32705SAMPLE NAME GWO2EMFO1 S0 GWO2EMFO1 D0 GWO2 EMFO20 GWO2EMFO3S0 GWO2EMFO3D0 GWO2EMFO40 GWO2EMFO50 GWO2EMFO60SAMPLE DATE 10OCT97 10OCT97 9OCT97 10OCT97 10OCT97 9OCT97 9OCT97 9OCT97DILUTION FACTORDIBROMOCHLOROMETTIE UGH 100 100 100 100 100 100 100 10012DIBRORNOETHAN UGH 100 100 100 100 100 100 100 100TETRACHIOROETHENE UGL 100 100 100 100 100 100 100 1001112TETRACHIOROANE UGH 100 100 100 100 100 100 100 100CHLOROBENZENE UGH 100 100 100 100 100 100 100 100ETHYLBENZENE UGH 100 100 100 100 100 100 100 100BROMOFORM UGI 100 100 100 100 100 100 100 100STYRENE UGH 100 100 100 100 100 100 100 100XYIENE TOTAL UGI 200 00 200 200 200 200 200 200123TRICHIOROPROPT UGL 100 100 100 100 100 100 100 100LSOPROPYLBENZENE GTENE UGH 100 100 100 100 100 100 100 100BROMOBENZENE UGH 100 100 100 100 100 100 100 100NPROPYLBENZENE UGI 100 100 100 100 100 100 100 1002CHIOROTOLUENE UGL 100 100 100 100 100 100 100 1004CHIOROTOLUENE UGH 100 100 100 100 100 100 100 100135TRIMETHYLBENZET UGJL 100 100 100 100 100 100 100 100TERTBUTYLBENZENE UGL 100 100 100 100 100 100 100 100124TRIMETHYIBENZEE UGH 100 100 100 100 100 100 100 100SECBUTYLBENZENE UGH 100 100 100 100 100 100 100 10013DICHLOROBENZENE UGH 100 100 100 100 100 100 100 10014DICHLOROBENZERVE UGL 100 100 100 100 100 100 100 1004ISOPROPYLTOLUENE UGI 100 100 100 100 100 100 100 10012DICHLOROBENZENE UGH 100 100 100 100 100 100 100 100NBUTYLBENZENE UGH 100 100 100 100 100 100 100 10012DIBROMO3CHLOROB UGL 100 100 100 100 100 100 100 100124TRICHLOROBENZEFL UGH 100 100 100 100 100 100 100 100NAPHTHALENE UGL 100 100 100 100 100 100 100 100HEXACHIOROBUTADIENSHEXACHIOROBUTADIEN UGH 100 100 100 100 100 100 100 100123TRICHLOROBENZEFL UGL 100 100 100 100 100 100 100 1001122TETRACHLOROETHN UGH 00 100 100 100 100 100 100 100DIBROMOFLUOROME1HAR1 REC 94 936 944 924 91 6 942 926 948TOLUENED8 REC 1026 1034 984 942 1014 1004 1014 10364BROMOFIUOROBENZEFL REC 92 922 988 96 934 91 2 902 97

C
COCN

CO PAGE2OF4



EMF QUARTERLY GROUNDWATER SAMPLINGOCTOBER 1997

EAL SAMPLE ID 32706 32707 32708 32709 32710 32711 32712 32714SAMPLE NAME GWO2EMFO70 GW02EMFOB0 GWO2EMFO90 GWO2EMF1O0 GWO2EMFNOVOCO1 GWO2EMFNOVOCO2 TRIP BLANK TRIP BLANKSAMPLE DATE 10OCT97 OCT 97 9OCT97 9OCT97 10OCT97 9OCT97 9OCT97 10OCT97DILUTION FACTOR 200 100 100 5000

TEST ID VOA60 UNITSUNITDICHLORODIFLUOROMETH UGH 100 20000 10000 10000 500000 500 100 100CHIOROMETHANE UGH 100 20000 10000 10000 500000 500 100 100VINYL CHLORIDE UGI 100 20000 10000 10000 500000 972 100 100BROMOMETHANE UGH 100 20000 10000 10000 500000 500 100 100CHIOROETHANE UGH 100 20000 10000 10000 500000 500 100 100TRICHIOROFLUOROMETHA UGH 100 20000 10000 10000 500000 500 100 100ACETONE 2PROPANONE UGH 100 20000 10000 10000 500000 500 100 10011DICHIOROETHENE UGH 100 20000 10000 10000 500000 500 100 100METHYLENE CHLORIDE UGI 100 236 10000 10000 500000 82 100 100CARBON DISULFIDE UGH 100 20000 10000 10000 500000 500 100 100TRANS12DICHLOROETH UGH 100 20000 10000 10000 500000 423 100 10011DICHIOROETHANE UGL 100 20000 10000 10000 500000 500 100 1002BUTANONE MEK UGH 400 80000 40000 40000 2000000 2000 400 400CIS12DICHLOROETHEN UGH 100 454 1350 432 500000 103000 100 100BROMOCHLOROMETHANE UGL 100 20000 10000 10000 500000 500 100 100CHLOROFORM UGL 100 20000 10000 10000 500000 500 100 10022DICHIOROPROPANE UGH 100 20000 10000 10000 500000 500 100 10012DICHLOROETHANE UGH 100 20000 10000 10000 500000 500 100 100111TRICHIOROETHANE UGL 100 20000 10000 10000 500000 500 100 10011DICHIOROPROPENE UGL 100 20000 10000 10000 500000 500 100 100CARBON TETRACHIORIDE UGH 100 20000 10000 10000 500000 500 100 100BENZENE UGH 100 20000 10000 10000 500000 500 100 100DIBROMOMETHANE UGL 100 20000 10000 10000 500000 500 100 10012DICHLOROPROPANE UGL 100 20000 10000 10000 500000 500 100 100TRICHIOROETHENE UGH 29 7030 1890000 8300 1007000 652 100 100BROMODICHIOROMETHANE UGH 100 20000 10000 10000 500000 500 100 1002CHLOROETHYLVINYL ETHER UGL 200 40000 20000 20000 1000000 1000 200 200CIS13DICHLOROPROPE UGL 100 20000 10000 10000 500000 500 100 1004METHYL2PENTANONE MIF UGH 100 20000 10000 10000 500000 500 100 100TRANS13DICHLOROPRO UGL 100 20000 10000 10000 500000 500 100 100112TRICHLOROETHANE UGJL 100 20000 10000 10000 500000 500 100 100TOLUENE UGIT 100 20000 10000 10000 500000 500 100 10013DICHIOROPROPANE UGH 100 20000 10000 10000 500000 500 100 1002HEXANONE UGL 100 20000 10000 10000 500000 500 100 100COCN
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EIVF QUARTERLY GROUNDWATER SAMPLINGOCTOBER 1997

EAL SARRFII 32706 32707 32708 32709 32710 32711 32712 32714SAMPLE NJ GW02EF070 GWO2EMFOS0 GWO2EMFO90 GWO2EMF1O0 GWO2EMFNOVOCO1 GWO2EMFNOV0002 TRIP BLANK TRIP BLANKSAMPLE 10OCT97 9OCT97 9OCT97 9OCT97 10OCT97 9OCT97 9OCT97 10OCT97DILUTION FR 200 100 100 5000DBROMOOFRCETHANE UGI 100 20000 10000 10000 500000 500 100 10012DIBRORTANE UGI 100 20000 10000 10000 500000 500 100 100TETRACHLORTI1LRE UGH 100 20000 10000 10000 500000 500 100 1001112TACLBROETHANE UGH 100 20000 10000 0000 500000 500 100 100CHIOROBER12N UGL 100 20000 10000 10000 500000 500 100 100ETHYLBENZ1 UGH 100 20000 10000 10000 500000 500 100 100BROMOFORR1 UGH 100 20000 10000 10000 500000 500 100 100STYRENE UGH 100 20000 10000 10000 500000 500 100 100XYLENE TQI UGL 200 40000 20000 20000 1000000 1000 200 200123TRICLLLOROFROPAN UGH 100 20000 10000 10000 500000 500 100 100LSOPROPYIBZELE CUMENE UGH 100 20000 10000 10000 500000 500 100 100BROMOBEN2R1E UGH 100 20000 10000 10000 500000 500 100 100NPROPYLBOZEE UGH 100 20000 10000 10000 500000 500 100 1002CHIOROTOLEFL UGH 100 20000 10000 10000 500000 500 100 1004CHLOROTOIFL UGH 100 20000 10000 10000 500000 500 100 100135TRIN1HYFTENZENE UGH 100 20000 10000 10000 500000 500 100 100TERTBUTYLBIZETE UGH 100 20000 10000 10000 500000 500 100 100124TRINIELHYLLENZEN UGL 100 20000 10000 10000 500000 500 100 100SECBUTYLBENZETE UGH 100 20000 10000 10000 500000 500 100 10013DICHTORCBET1ZENE UGH 100 20000 10000 10000 500000 500 100 10014DICHLORCBEFLZENE UGH 100 20000 10000 10000 500000 500 100 1004LSOPROPYLTOLLI6NE UGI 100 20000 10000 10000 500000 500 100 10012DICHLOROBEFLZENE UGH 100 20000 10000 10000 500000 500 100 100NBUTYLBENZNE UGH 100 20000 10000 10000 500000 500 100 10012DIBRORNC3HIOROPR UGI 100 20000 10000 10000 500000 500 100 100124TRICBL0ROBENZENE UGH 1DO 20000 10000 10000 500000 500 100 100NAPHTHALEFL UGH 100 20000 10000 10000 500000 500 100 100HEXACHLOROTUTADIENE UGH 100 20000 10000 10000 500000 500 100 100123TRICHIOROBERIZEN UGL 100 20000 10000 10000 500000 500 100 1001122TETRACHLCROETHA UGL 00 20000 10000 10000 500000 500 100 100DIBROMOFLUOORFLETHAN REC 944 924 95 924 928 926 95 94TOLUENED6 REC 1002 1004 1026 1034 988 998 1036 10124BROMOTLUOOBNZENE REC 958 928 996 972 886 912 96 97
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EMF QUARTERLY GROUNDWATER MONITORINGOCTOBER 1997

EAL SAMPLE ID 32699 32700 32715 32701 32702 32703 32704 32705SAMPLE NAME GWO2EMFO 1S0 GWO2EMFO D0 GWO2EMFO2O GWO2EMFO3S0 GW02EMFO3D0 0W02EMFO40 GWO2 EMFO5U GWO2EMFO60SAMPLE DATE 10OCT97 10OCT97 9OCT97 10 OCT97 10OCT97 9OCT97 9OCT97 9OCT97

TEST ID ANIONSARINITRATE MWL 98 003 13 002 055 002 22NITRITE RRFL 012 001 001 002 001 001 001 001SULFATE MGL 250 370 96 31 16 18 86 36CARBONATE MFL 100 100 100 100 100 100 100 100BICARBONATE RNGL 22 22 96 67 130 72 92 60CHLORIDE MGIL 48 25 25 51 18 56 580PHOSPHATE MGIL 00 0004 038 0004 0004 0027 0004 0017SULFIDE MFL 006 006 006 006 006 006 006 006

TEST ID GFAAANTIMONY UGL 13 13 13 13 13 13 13 13ARSENIC UGIL 15 18 15 15 15 15 56 15CADMIUM UGL 010 010 058 010 010 010 010 010LEAD UGL 12 05 28 11 08 088 065 063SELENIUM UGL 530 530 530 530 530 1530 1530 1530THALLIUM UGL 15 15 15 15 15 15 15 15

TEST ID HGMERCURY IN AQUEOUSAQUEOU SOLUTION UGL 0065 0061 011 0062 0076 0069 0092 0079

TEST ID ICPPPDSILVER MGL 00010 00010 00010 00010 00010 00010 00010 00010BERYLLIUM MGL 0001 0001 0001 0001 0001 0001 0001 0001CADMIUM MGL 0029 0031 001 0004 001 0006 0018 0004CHROMIUM MGIL 00020 00020 00020 00020 00020 00020 00020 00020COPPER MGL 0053 0037 0046 0017 0022 0035 0003 0031IRON MGL 41 29 36 0009 12 0021 26 0028MANGANESE MGIL 03 11 023 0005 051 0001 067 0001NICKEL NIGL 00080 00080 00080 00080 00080 00080 00080 00080ZINC MGL 0011 004 370 014 013 0035 0017 0052

TEST ID TDSTOTAL DISSOLVED SOLIDSSOLID MGL 616 706 900 152 185 135 293 174

TEST ID TOCARI6 TOC MGL 23 26 15 5 5 35 15
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EMF QUARTERLY GROUNDWATER MONITORINGOCTOBER 1997

EAL SAMPLE ID 32706 32707 32706 32709 32710 32711 32712 32714SAMPLE NAME GWO2EMFO70 GWO2EMFO8U GWO2EMFO90 GWO2EMF1O0 GWO2 EMFNOVOCO1 GWO2EMFNOVOCO2 TRIP BLANK TRIP BLANKSAMPLE DATE 10OCT97 OCT97 9OCT97 9OCT97 10OCT97 9OCT97 9OCT97 10OCT 97

TEST ID ANIONSARTNITRATE ML 31 001 001 003 001 001 NA NANITRITE MGL 001 001 001 001 001 001 NA NASULFATE MGL 53 100 120 70 67 99 NA NACARBONATE MGL 100 100 00 100 00 100 NA NABICARBONATE MGL 110 72 52 58 89 84 NA NACHLORIDE MGL 94 17 18 92 97 18 NA NA0PHOSPHATE MGIL 0015 0004 0004 0022 0012 0004 NA NASULFIDE MGIL 006 006 006 006 006 006 NA NA

TEST ID GFMANTIMONY UGIL 13 13 13 13 13 13 NA NAARSENIC UGL 15 15 15 16 15 23 NA NACADMIUM UGL 010 010 010 010 010 010 NA NALEAD UGL 045 038 04 06 038 043 NA NASELENIUM UGL 530 530 530 1530 1530 530 NA NATHALLIUM UGL 15 15 15 15 15 15 NA NA

TEST ID HGMERCURY IN AQUEOUSAQUEOU SOLUTION UGH 0093 01 01 011 01 011 NA NA

TEST ID ICPPPDSILVER ML 00010 00010 00010 00010 00010 00010 NA NABERYLLIUM MGL 0001 0001 0001 0001 0001 0001 NA NACADMIUM MGFL 0006 0013 0009 0007 0009 001 NA NACHROMIUM MGIL 00020 0002 00020 0004 0004 00020 NA NACOPPER MGIL 0011 0021 0005 0014 002 0007 NA NAIRON MGL 0033 14 20 11 35 NA NAMANGANESE MGL 0023 03 031 005 013 024 NA NANICKEL MGL 00080 00080 00080 00080 00080 0019 NA NAZINC MGL 0043 0023 0006 0012 013 016 NA NA

TEST ID TDSTOTAL DISSOLVED SOLIDSSOLID MGL 10219 301 293 233 253 250 NA NA

TEST ID TOCARIG TOC MGL 15 15 21 22 11 16 NA NA
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EMF QUARTERLY GROUNDWATER MONITORINGJULY 1997

EAL SAMPLE ID 30890 30885 30884 30831 30832 30828 30886 30827SAMPLE NAME GWO1EMFO1S0 GWO1 EMFO1 D0 GWO1EMFO20 GWO1EMFO3S0 GWO1 EMFO3D GWO1EMFO40 GW01EMFO50 GWO1EMFO60SAMPLE DATE 18JUL97 18JUL97 18JUL97 17JUL97 17JUL97 18JUL97 18JUL97 17JUL97DILUTION FACTOR 20

TEST ID VOA60DICHIORODIFLUOROMETH UGH 100 100 100 100 2000 200 100 200CHLOROMETHANE UGH 100 100 100 100 2000 200 100 200VINYL CHLORIDE UGI 100 100 22 100 2000 200 17 200BROMOMETHANE UGL 100 100 100 100 2000 200 100 200CHLOROETHANE UGH 100 100 100 100 2000 200 100 200TRICHLOROFLUOROMETHA UGH 100 100 100 100 2000 200 100 200ACETONE 2PROPANONE UGL 100 100 100 100 2000 200 100 20011DICHIOROETHENE UGL 100 100 100 100 2000 200 100 200METHYLENECHIORIDE UGL 100 100 100 100 2000 200 100 200CARBON DISULFIDE UGH 100 100 100 100 2000 200 100 200TRANS12DICHLOROETH UGH 100 100 100 100 2000 200 100 20011DICHLOROETHANE UGH 100 100 100 100 2000 200 100 2002BUTANONE MEK UGL 400 400 400 400 8000 800 400 800CIS12DICHLOROETHEN UGL 100 14 37 100 2000 200 28 200BROMOCHIOROMETHANE UGH 100 100 100 100 2000 200 100 200CHLOROFORM UGH 100 100 100 100 2000 200 100 20022DICHLOROPROPANE UGL 100 100 100 100 2000 200 100 20012DICHIOROETHANE UGH 100 100 100 100 2000 200 100 200111TRICHLOROETHANE UGH 100 100 100 100 2000 200 100 20011DICHLOROPROPENE UGL 100 100 100 100 2000 200 100 200CARBONTETRACHIORIDE UGH 100 100 100 100 2000 200 100 200BENZENE UGH 100 100 100 100 2000 200 100 200DIBROMOMETHANE UGL 100 100 100 100 2000 200 100 20012DICHLOROPROPANE UGL 100 100 100 100 2000 200 100 200TRICHIOROETHENE UGH 69 17 100 872 854 23 100 392BROMODICHLOROMETHANE UGT 100 100 100 100 2000 200 100 2002CHIOROETHYLVINYL ETHER UGH 200 200 200 200 4000 400 200 400CIS13DICHLOROPROPE UGIL 100 100 100 100 2000 200 100 2004METHYL2PENTANONE UGH 100 100 100 100 2000 200 100 200TRANS13DICHLOROPRO UGH 100 100 100 100 2000 200 100 200112TRICHIOROETHANE UGL 100 100 100 100 2000 200 100 200TOLUENE UGL 100 100 100 100 2000 200 100 20013DICHLOROPROPANE UGH 100 100 100 100 2000 200 100 2002HEXANONE UGL 100 100 100 100 2000 200 100 200CNCO PAGELOF4



EMF QUARTERLY GROUNDWATER MONITORINGJULY 1997

EAL SARJ 30890 30885 30884 30831 30832 30828 30886 30827SAMPLE GWU1EMFO1S0 GWO1EMFO1D0 GWO1EMFO2O GWO1EMFU3S0 GWO1EMFO3D GWO1 EMFO40 GWOIEMFO50 GWO1EMFO60SAMPLE 18JUL97 18JUL97 18JUL97 17JUL97 17JUL97 18JUL97 18JUL97 17JUL97DILUTION FTC 20DIBRORNARME1HANE UGL 100 100 100 100 2000 200 100 20012DIBRCJE9IANE UGL 100 100 100 100 2000 200 100 200TETRACHIENE UGI 100 100 100 100 2000 200 100 20011121TIIOROETHANE UGL 100 100 100 100 2000 200 100 200CHIOROBE UGL 100 100 100 100 2000 200 100 200ETHYLBERLKLE UGH 100 100 100 100 2000 200 100 200BROMOFOFL UGI 100 100 100 100 2000 200 100 200STYRENE UGI 100 100 100 100 2000 200 100 200XYLENE TL UGI 200 200 200 200 4000 400 200 400123TRICFCRPROPANE UGI 100 100 100 100 2000 200 100 200ISOPROPYILR2ENE CUMER UGH 100 100 100 100 2000 200 100 200BROMOBEEE UGUL 100 100 100 100 2000 200 100 200NPROPYLIIZRIE UGI 100 100 100 100 2000 200 100 2002CHIOROTCSELLE UGI 100 100 100 100 2000 200 100 2004CHLOROT4LERLE UGH 100 100 100 100 2000 200 100 200135TRIRNTT1LBENZENE UGH 100 100 100 100 2000 200 100 200TERTBUTYIBR12ENE UGI 100 100 100 100 2000 200 100 200124TRIRTHTT1ILBENZE UGFI 100 100 100 100 2000 200 100 200SECBUTYIBR12ENE UGH 100 100 100 100 2000 200 100 20013DICHIOTLNZENE UGH 100 100 100 100 2000 200 100 20014DICHLOTOBRIZENE UGI 100 100 100 100 2000 200 100 2004ISOPROPYIIOIENE UGTI 100 100 100 100 2000 200 100 20012DICHLORBENZENE UGH 100 100 100 100 2000 200 100 200NBUTYIBEFLERLE UGH 100 100 100 100 2000 200 100 20012DIBROFL1O3CHIORO UGH 100 100 100 100 2000 200 100 200124TRICHLOROBENZENE UGI 100 100 100 100 2000 200 100 200NAPHTHALOFL UGH 100 100 100 100 2000 200 100 200HEXACHIOROBUTADIENE UGH 100 100 100 100 2000 200 100 200123TRICLIOROBENZENE UGH 100 100 100 100 2000 200 100 2001122TEDACBLOROETHAN UGH 100 100 100 100 2000 200 100 200DIBROMOFIURORNETHANE REC 1002 1028 1018 1074 942 9346 976 954TOLUENED8 REC 1156 111 1132 1074 1032 1064 1118 10364BROMOFLUROENZENE REC 1014 1008 988 11228 912 8884 91 912
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EMF QUARTERLY GROUNDWATER MONITORINGJULY 1997

EAL SARRIE ID 30888 30830 30829 30826 30887 30889 30833SAMPLE HME GWO1EMFO7O GWO1EMFO80 GWO1EMFOG0 GWO1EMF1O0 GWO1EMFNOVOCO1 GWO1 EMFNOVOCO2 TRIP BLANKSAMPLE LTE 18JUL97 17JUL97 17JUL97 17JUL97 18JUL97 18JUL1997 16JUL97DILUTION FCTOR 10 100 2000 20

TEST ID OA60DICHLOROLUOROMETHANE UGH 100 1000 200 10000 200000 2000 100CHIORORNIIANE UGH 100 1000 200 10000 200000 2000 100VINYL CHLLRIDE UGL 100 1000 1274 322 200000 2000 100BROMOMIANE UGH 100 1000 200 10000 200000 2000 100CHIOROETTNE UGH 100 1000 200 10000 200000 2000 100TRJCHLORCTLJOROMETHA UGH 100 1000 200 10000 200000 2000 100ACETONE PROPANONE UGL 100 1000 200 10000 200000 2000 10011DICHLROETHENE UGH 100 112 200 174 200000 2000 100METHYIER1CHIORIDE UGH 100 1000 200 10000 200000 2000 100CARBON 1SUIFIDE UGH 100 1000 200 10000 200000 2000 100TRANS12ICHLOROETHE UGL 100 115 873 160 200000 406 100ILDICHIQOETHANE UGL 100 1000 200 10000 200000 2000 1002BUTANCE MEK UGH 400 4000 800 40000 800000 8000 400CIS12DILHIOROETHEN UGH 100 213 1162 3086 200000 388 100BROMOCHIOROMETHANE UGL 100 1000 200 10000 200000 2000 100CHLOROFORT UGH 100 1000 200 10000 200000 2000 10022DICHLCROPROPANE UGH 100 1000 200 10000 200000 2000 10012DICHIQOETHANE UGH 100 1000 200 10000 200000 2000 100111 TRICFOROETHANE UGL 100 1000 200 10000 200000 2000 10011DICHICROPROPENE UGL 100 1000 200 10000 200000 2000 100CARBON 1TRACHIORIDE UGH 100 1000 200 10000 200000 2000 100BENZENE UGH 100 1000 200 10000 200000 2000 100DIBROMOR1ETHANE UGH 100 1000 200 10000 200000 2000 10012DICHLOROPROPANE UGH 100 1000 200 10000 200000 2000 100TRICHLOROETHENE UGH 199 470000 179 2910000 8700000 129BROMODICILOROMETHANE UGH 100 1000 200 10000 200000 2000 1002CHLOROETHYLVINYL ETHER UGH 200 2000 400 20000 400000 4000 200CIS13DIQHLOROPROPE UGIL 100 1000 200 10000 200000 2000 1004METHYL2PENTANONE UGL 100 1000 200 10000 200000 2000 100TRANSI 3EICHIOROPROPENE UGL 100 1000 200 10000 200000 2000 100112TRICHIOROETHANE UGL 100 1000 200 10000 200000 2000 100TOUENE UGL 100 1000 200 10000 200000 2000 10013DICHIOOPROPANE UGH 100 1000 200 10000 200000 2000 1002HEXANORLE UGH 100 1000 200 10000 200000 2000 100
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EMF QUARTERLY GROUNDWATER MONITORINGJULY 1997

EAL SARRE ID 30888 30830 30829 30826 30887 30889 30833SAMPLE IRIIE GNO1 EMFO7 GWO1 EMFO80 GWO1EMFO90 GWO1EMF1O0 GWO1EMFNOV0001 GWO1EMFNOVOCO2 TRIP BLANKSAMPLE TE 1JUL97 17JUL97 17JUL97 17JUL97 18JUL97 18JUL1997 16JUL97DILUTION TCTOR 10 100 2000 20DIBRONICILOROMETHANE UGH 100 1000 200 10000 200000 2000 10012DIBRCJOETHANE UGL 100 1000 200 10000 200000 2000 100TETRACHLCETHENE UGL 100 1000 200 10000 200000 2000 1001112TRACHLOROETHANE UGH 100 1000 200 10000 200000 2000 100CHLOROBRZENE UGI 100 1000 200 10000 200000 2000 100ETHYLBER2NE UGL 100 1000 200 10000 200000 2000 100BROMOFOLLT UGL 100 1000 200 10000 200000 2000 100STYRENE UGH 100 1000 200 10000 200000 2000 100XYLENE LITAL UGI 200 2000 400 20000 400000 4000 200123TRIGIOROPROPANE UGI 100 1000 200 10000 200000 2000 100LSOPROPYJTNZENE CURNER UGL 100 1000 200 10000 200000 2000 100BROMOBENE UGL 100 1000 200 10000 200000 2000 100NPROPYITNZENE UGI 100 1000 200 10000 200000 2000 1002CHLOROTQUENE UGI 100 1000 200 10000 200000 2000 1004CHLOROTUENE UGH 100 1000 200 10000 200000 2000 100135TRIRTLTHYLBENZEN UGL 100 1000 200 10000 200000 2000 100TERTBUTYILNZENE UGH 100 1000 200 10000 200000 2000 100124TRIRT1THYLBENZEN UGH 100 1000 200 10000 200000 2000 100SECBUTYITNZENE UGL 100 1000 200 10000 200000 2000 10013DICHLOOBENZENE UGH 100 1000 200 10000 200000 2000 CL0014DICHLOLOBENZENE UGI 100 1000 200 10000 200000 2000 1004LSOPROPITOLUENE UGH 100 1000 200 10000 200000 2000 10012DICHLOOBENZENE UGH 100 1000 200 10000 200000 2000 100NBUTYLBELZENE UGH 100 1000 200 10000 200000 2000 100UGL 100 1000 200 10000 200000 2000 100124TRICLBROBENZENE UGL 100 1000 200 10000 200000 2000 100NAPHTHALEHE UGH 100 1000 200 10000 200000 2000 100HEXACHLORBUTADIENE UGH 100 1000 200 10000 200000 2000 100123TRICBLOROBENZENE UGL 100 1000 200 10000 200000 2000 1001122TETRACHLOROETHA UG 00 1000 200 10000 200000 2000 100DLBROMOFILLOROMETHAN REC 100 958 94 948 1014 1004 118TOLUENED REC 111 1032 105 998 1188 1222 11044BROMOFLLOROBENZENE REC 93 902 906 1006 1038 1166
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EMF QUARTERLY GROUNDWATER MONITORINGJULY 1997

EAL SAMPLE ID 30890 30885 30884 30831 30832 30828 30886 30827SAMPLE NAME GWO1EMF01SO GWO1EMFO1DO C3WOIEMFO20 GWO1EMF03SO GWO1EMFO3DO GW01EMF04O GWO1EMFOSO GWU1EMFO60SAMPLE DATE 18JULI 997 18 JUL1997 8JUL 1997 17JULI 997 7JUL1997 18JULI 997 18JUL1997 7JUL1997

NITRATE MGIL 45 001 023 05 014 064 002 039NITRITE MGIL 001 002 001 001 001 001 001 001SULFATE MGLL 300 420 30 20 12 14 100 44CARBONATE MGIL 00 00 00 00 00 00 00 00BICARBONATE MGIL 33 39 84 45 140 46 100 65CHLORIDE MGL 21 20 34 39 18 490PHOSPHATE MGL 001 001 004 004 001 002 001 004SULFIDE MGL 005 005 005 005 005 005 005 005

ANTIMONY UGIL 13 13 13 17 13 13 13 13ARSENIC UGFL 15 15 15 15 15 34 15CADMIUM UGFL 021 010 010 01 010 010 010 010LEAD UGL 048 035 08 075 085 085 07 07SELENIUM UGFL 530 1530 530 530 1530 530 530 530THALLIUM UGFL 15 15 15 15 15 CL5 15 15

MERCURY IN AQUEOUSAQUEOU SOLUTION UGL 0035 0034 0031 0025 0029 0024 046 0021

SILVER MGIL 00010 00010 00010 00010 00010 00010 00010 00010BERYLLIUM MGL 0001 0001 000 0001 0001 0001 0001 0001CADMIUM MGL 0024 0024 0008 0003 0008 0003 0014 0003CHROMIUM MGFL 0002 00020 00020 00020 00020 00020 00020 00020COPPER NIGL 0003 00010 0001 0013 00010 0002 00010 0002IRON MGI 83 33 001 14 013 18 0015MANGANESE MGIL 051 12 026 001 056 0012 069 0008NICKEL MGL 00080 00080 00080 00080 00080 00080 00080 00080ZINC MGL 0017 0006 0005 00050 00050 00050 0018 0005

TOTAL DISSOLVED SOLIDSSOLID MGTL 555 660 175 103 246 102 287 211

TOC MGIL 29 19 11 15 39 15 26
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EMF QUARTERLY GROUNDWATER MONITORINGJULY 1997

EAL SAMPLE ID 30888 30830 30829 30826 30887 30889 30833SAMPLE NAME GWO1EMFO70 OWO1EMF080 GW01EMFO90 GWO1EMF1O0 C3W01EMFNOVOCO1 GWO1EMFNOVOC02 TRIP BLANKSAMPLE DATE 18JUL1997 17JUL1997 17JUL1997 17JUL1997 18JUL1997 18JUL1997 16JUL1997

NITRATE MGL 052 023 018 007 007 024 NANITRITE MGL 001 001 001 002 001 001 NASULFATE MGL 120 60 130 380 52 72 NACARBONATE MGI 100 00 100 100 100 00 NABICARBONATE MGL 120 64 76 44 330 52 NACHLORIDE MGL 67 55 91 28 68 NA0PHOSPHATE MGL 003 001 001 001 001 001 NASULFIDE MGL 005 005 005 005 005 005 NA

ANTIMONY UGL 13 13 13 13 13 13 NAARSENIC UGFL 15 15 15 15 15 17 NACADMIUM UGFL 010 010 010 03 010 010 NALEAD UGFL 075 14 093 085 043 065 NASELENIUM UGL 530 530 530 530 530 530 NATHALLIUM UGFL 15 15 15 15 15 15 NA

MERCURY IN AQUEOUSAQUEOU SOLUTION UGH 0036 0021 0027 0021 0041 0039 NA

SILVER MGL 00010 00010 00010 00010 00010 00010 NABERYLLIUM MGL 0001 0001 0001 0001 0001 0001 NACADMIUM MGL 0006 0003 001 0011 0004 0007 NACHROMIUM MGL 00020 0003 00020 00020 0005 00020 NACOPPER MGL 0002 0015 0003 0007 00010 00010 NA

IRON MGL 0006 036 13 17 15 13 NAMANGANESE MGHL 0001 0083 039 064 011 02 NANICKEL MGHL 00080 00080 00080 00080 00080 00060 NAZINC MGL 0025 0011 00050 0006 0006 NA

JG4KITOTAL DISSOLVED SOLIDSSOLID MGI 264 209 331 889 232 244 NA

TOC MGI 31 15 26 49 22 NACI
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APPENDIX

BACKGROUND INFORMATION ON INWELL STRIPPING TECHNOLOGY

LIST OF REGULATORY AGENCY CONTACTSCONTACT WHO ARE FAMILIAR WITH THE INSTALLATION AND PERFORMANCE OF INWELL

STRIPPING TECHNOLOGY

REPRINT OF PAPER FROM IN SITU REMEDIATION OF THE GEOENVIRONMENT GEOTECHNICAL PUBLICATION NO

71 AMERICAN SOCIETY OF CIVIL ENGINEERSENGINEER RESTON VA 1997

SUMMARY PERFORMANCE DATA FROM INWELL
STRIPPING SYSTEMSSYSTEM INSTALLED THROUGHOUT THE US
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REFERENCESREFERENCE TO REGULATORY AGENCY PERSONNEL FAMILIAR WITH INSTALLATION AND PERFORMANCE OF INWELL STRIPPING

TECHNOLOGY

NAMEAGENCY PHONE NUMBER
SPECIFIC SITE WHERE AGENCY HAS PROVIDED

OVERSIGHT

GUY GREGORY 509 4566387 PASCO LANDFILL CERCLA SITE WA
ECOLOGY SPOKANE REGIONAL OFFICE PERFORMANCE DATA ENCLOSED IN DATA PACKAGE

BRIAN PAINTER 208 7691422 DEMING INDUSTRIESINDUSTRIE SITE IN COEUR DALENE ID

NORTH IDAHO REGIONAL OFFICE IDEQ PERFORMANCE DATA ENCLOSED IN DATA PACKAGE

LEN PINAUD 508 9462871 MASSACHUSETTSMASSACHUSETT MILITARY RESERVATION MA
MASSACHUSETTSMASSACHUSETT DEPT OF PERFORMANCE DATA ENCLOSED IN DATA PACKAGE

ENVIRONMENTAL PROTECTION

DR JACK HWANG 215 5663387 OCEANA NAVAL AIR STATION VA

EPA REGION RCRA GROUP PERFORMANCE DATA ENCLOSED IN DATA PACKAGE

DR MELINDA TRIZINSKY 703 7391217 YUMA MARINE CORPSCORP AIR STATION AZ

CLEAN SITESSITE ENVIRONMENTAL PERFORMANCE DATA ENCLOSED IN DATA PACKAGE

SERVICESSERVICE

DEBBIE YAMAMOTO 206 5537216 BOOMSNUBBOC GASESGASE CERCLA SITE WA
EPA REGION 10 TECHNOLOGY TO BE IMPLEMENTED IN 1998

PAUL MARCHESSAULT 617 5735793 OTISOTI NATIONAL GUARD AIR BASE CERCLA SITE

EPA REGION TECHNOLOGY DEMONSTRATED AT SITE AND

SELECTED IN ROD FOR IMPLEMENTATION AT ONE

OF THE LARGEST GROUNDWATER CLEANUP PROJECTSPROJECT

IN THE US
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REPRINT OF PAPER FROM IN SITU REMECATION OF THE GEOENVIRONMENT GEOTECHNICAL SPECIAL

PUBLICATION NO 71 AMERICAN SOCIETY OF CIVIL ENGINEERSENGINEER RESTON VA 1997
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INSITU GROUNDWATER REMEDIATION USING INWELL STRIPPING

MODELING DESIGN AND PERFORMANCE DATA

TOM MCKEON GAYNOR DAWSON2 STAN PETERSON3

ABSTRACT
TNWELL STRIPPING IS PATENTED DESIGN FOR INSITU REMEDIATION OF VOCSVOC IN GROUNDWATER

AS AN ALTERNATIVE TO PUMPITREAT SYSTEMS IN THE PROCESSPROCES OF INITIAL DEVELOPMENT AND
COMMERCIALIZATION OF THE TECHNOLOGY VARIETY OF MODELING AND DESIGN TOOLSTOOL HAVE BEEN

DEVELOPED TO ASSIST IN SYSTEM DESIGN AND EVALUATION THE EXISTING PERFORMANCE DATA

HAVE BEEN USED TO DEMONSTRATE IE INWELL STRIPPING SYSTEM EFFECTIVENESSEFFECTIVENES AND VALIDATE

THE MODELING AND SYSTEM DESIGN TOOLS THISTHI PAPER PRESENTSPRESENT SUMMARY OF INWELL

STRIPPING TECHNOLOGY ALONG WITH GENERAL DESCRIPTION OF DESIGN TOOLSTOOL AND PERFORMANCE

DATA

INTRODUCTION

INWELL STRIPPING IS PATENTED US PATENT NO 5425598 DESIGN FOR INSITU

REMEDIATION OF VOCSVOC IN GROUNDWATER AS AN ALTERNATIVE TO PUMPTREAT SYSTEMS MODELING

AND DESIGN TOOLSTOOL HAVE BEEN DEVELOPED TO ASSIST IN SYSTEM DESIGN AND EVALUATION

PERFORMANCE DATA HAVE BEEN COLLECTED AT VARIETY OF SITESSITE WHICH COVER RANGE OF

HYDROGEOLOGIC CONDITIONS THE EXISTING PERFORMANCE DATA HAVE BEEN USED TO

DEMONSTRATE THE INWELL STRIPPING SYSTEM EFFECTIVENESSEFFECTIVENES AND VALIDATE THE MODELING AND

SYSTEM DESIGN TOOLS

INWELL STRIPPING TECHNOLOGY RELIESRELIE ON OVERPRESSURIZED AIR TO CIRCULATE AND CLEAN WATER

FLOWING THROUGH WELL PRESSURIZED AIR DELIVERY LINE IS PLACED IN THE WELL TO DELIVER

STREAM OF AIR BUBBLESBUBBLE INTO THE WELL THE RISING COLUMN OF BUBBLESBUBBLE ACTSACT AS AN AIRLIFT PUMP
PUSHING THE COMBINED STREAM OF AIRWATER UP THE CASING WHILE DRAWING CONTAMINATED

WATER IN THROUGH THE EXTRACTION SCEEN AS THE AIR BUBBLESBUBBLE AND WATER MOVE UP THROUGH

THE CASING VOLATILE CONTAMINANTSCONTAMINANT VAPORIZE AND TRANSFER FROM THE DISSOLVED STATE TO THAT

OF FREE VAPOR IN THE AIR BUBBLES VACUUM IS APPLIED AT THE WELL HEAD TO RECOVERY THE

VAPORSVAPOR AT POINT ABOVE THE PACKER IE SHALE TRAP PACKER OR OTHER PACKER AND THE

CONTAMINANT VAPORSVAPOR ARE DRAWN OFF FOR TREATMENT TYPICAL LAYOUT OF STRIPPING WELL IS

SHOWN IN FIGURE 1

1SENIOR ENGINEER PROJECT PERFORMANCE CORP 16935 SE 39TH ST BELLEVUE WA 98008
2VICE PRESIDENT PROJECT PERFORMANCE CORP 64209 GROVER PRWEST RICHAND WA 99353
3SENIOR GEOCHEMIST PROJECT PERFORMANCE CORP 70 FAIRWAY RD MESA WA 99343

MCKEONETAL
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UNCONTAUATED
CLEAN AIR FROM BLOWER

AIR OR WA TER

VOCCONTAMINATED
AIR TO TREATMENT

AIRWATER MD7URE

PACKER
RECHARGF SCREEPL

I RTREA TED WATER

INLET SCREE

VOONTAMIN4 TED

WATER

FIGURE EXAMPLE INWELL STRIPPING CONFIGURATION

THE CASING IS PERFORATED ABOVE AND BELOW THE PACKER WITH AN UPPER SCREEN THE

RECHARGE SCREEN TO ALLOW THE GROUNDWATER TO FLOW BACK INTO THE AQUIFER MODELING

STUDIESSTUDIE GVIRTZMAN AND GORELICK 1992 HAVE PREDICTED AND EXPERIMENTAL STUDIESSTUDIE

STALLARD ET AL 1996 HAVE VERIFIED THAT THE REINFILTRATING WATER COMPLETESCOMPLETE TOROIDAL

CIRCULATION PATTERN WITHIN THE AQUIFER THISTHI PERMITSPERMIT LARGE PORTION OF THE WATER TO BE

DRAWN BACK IN AND REPROCESSED THE WATER PUMPING RATESRATE AR ECTED TO ALLOW FOR

SUFFICIENT NUMBER OF CYCLESCYCLE THROUGH THE WELL TO ACHIEVE CIIRED LEVEL OF REMOVAL

THE WATER DISCHARGING FROM THE TREATMENT WELL CONTAINSCONTAIN TED LEVELSLEVEL OF DISSOLVED

OXYGEN TYPICALLY AT OR NEAR SATURATION AND THE TREATRN T PROCESSPROCES IS EXPECTED TO

ACCELERATE AEROBIC BIODEGRADATION OF DEGRADABLE HYDROCARBONSHYDROCARBON THROUGH THE DELIVERY

OF OXYGEN TO THE AQUIFER

THE MODELING AND DESIGN TOOLSTOOL DEVELOPED INCLUDE ANALYSISANALYSI OF HYDROGEOLOGIC CIRCULATION

PATTERNSPATTERN MASSMAS TRANSFER EFFICIENCY OF THE INWELL STRIPPING AND GEOCHEMICAL STABILITY

CALCULATIONS

GROUNDWATER MODELING
THE GROUNDWATER MODELING TOOLSTOOL DEVELOPED FOR SYSTEM DESIGN ARE BASED ON AN

ANALYTICAL MODEL OF THE THREEDIMENSIONAL FLOW PATTERNSPATTERN AND CAPTURETREATMENT ZONESZONE
OF PARTIALLYPENETRATIN WELLS THE STARTING POINT FOR THE MODEL DEVELOPMENT IS

STANDARD ANALYTICAL SOLUTION FOR THREEDIMENSIONAL FLOW TO POINT SOURCESINK LOCATED

ATXYZO IN AN INFINITE POROUSPOROU MEDIA EG STRACK 1989
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2 CONSTANT
IT

IX2 Y2 EQ

WHERE

DISCHARGE POTENTIAL L2IT

DISCHARGE RATE FOR THE POINT L3T

THISTHI ANALYTICAL SOLUTION IS CONVERTED TO SOLUTION THAT CORRESPONDSCORRESPOND TO WITHDRAWAL AT

CONSTANT FLOW RATE OVER LINE SEGMENT WITH CONSTANT UNIT WITHDRAWAL RATE THE RESULT

IS THEN INTEGRATED OVER FINITE INTERVAL IN THE ZDIRECTION TO YIELD AN EQUATION

FOR AN EXTRACTION WELL WITH PARTIALLYPENETRATIN SCREEN IN AN INFINITE AQUIFER THE

RESULTING DISCHARGE POTENTIAL EQUATION IS THEN DE MARSILY 1986

ZC VX2Y2ZC2
YX2 Y2 C2

EQ

WHERE WITHDRAWAL RATE PER UNIT LENGTH OF LINE SEGMENT L2T

SUPERPOSITION IS USED TO CREATE BOUNDARY CONDITIONSCONDITION OF AN AQUIFER WITH UPPER AND LOWER

BOUNDARIES SUPERPOSITION IS ALSO USED TO INCLUDE EFFECTSEFFECT OF REGIONAL GRADIENT ONCE

THE APPROPRIATE MATHEMATICAL FUNCTION FOR THE DISCHARGE POTENTIAL OF PARTIALLY

PENETRATING LL IS DEFINED THE THREEDIMENSIONAL VELOCITY FIELD IS DERIVED BY ANALYTICALLY

DIFFERENTIATING THE POTENTIAL FUNCTION WITH RESPECT TO THE AND COORDINATES THISTHI

YIELDSYIELD ANALYTICAL EXPRESSIONSEXPRESSION OF THE VELOCITY VECTOR COMPONENTSCOMPONENT AS FUNCTION

OF THE PUMPING RATE REGIONAL GRADIENT HYDRAULIC CONDUCTIVITY SCREENED INTERVAL AND

AQUIFER THICKNESSTHICKNES PHILIP AND WAFTER 1992 CHO 1993 AND MCKEON AND WAGNER 1994

THE VELOCITY FIELD IS THEN USED TO CALCULATE PARTICLE PATHLINESPATHLINE BY INTEGRATION OF PARTICLE

TRAJECTORIESTRAJECTORIE THROUGH THE VELOCITY FIELD BY STARTING PARTICLESPARTICLE ALONG HORIZONTAL AND VERTICAL

LINESLINE LOCATED UP GRADIENT FROM THE EXTRACTION WELL IT IS THEN POSSIBLE TO TRACE THE THREE

DIMENSIONAL SHAPE OF THE CAPTURE ZONE TO THE EXTRACTION WELL THE EFFECTSEFFECT OF ANISOTROPIC

HYDRAULIC CONDUCTIVITY ARE INCORPORATED BY APPROPRIATE SCALING OF THE COORDINATE SYSTEM
THE PROBLEM IS FIRST SOLVED FOR AN ISOTROPIC MEDIA THEN APPROPRIATELY SCALED TO OBTAIN

THE SOLUTION FOR THE ANISOTROPIC MEDIA

DIMENSIONAL ANALYSISANALYSI OF THE GEOMETRIC AND FLOW PARAMETERSPARAMETER THAT GOVERN THE

CHARACTERISTICSCHARACTERISTIC OF THE SYSTEM CAN BE USED TO SUMMARIZE THE MODEL SIMULATION RESULTSRESULT

EG MCKEON AND WAGNER 1994 REDUCING THE MODEL SIMULATION RESULTSRESULT TO BASIC

DIMENSIONLESSDIMENSIONLES PARAMETERSPARAMETER ALLOWSALLOW THE DESIGN PROCESSPROCES TO QUICKLY EXAMINE WIDE RANGE

OF POTENTIAL SITE CONDITIONSCONDITION THAT MAY BE ENCOUNTERED AND DEVELOP APPROPRIATE SYSTEM

DESIGN PARAMETERSPARAMETER FOR SPECIFIC SITE CONDITIONS DIMENSIONAL ANALYSISANALYSI OF THE FLOW SYSTEM

AROUND RECIRCULATING WELL SHOWSSHOW THAT THE SIZE OF THE TREATMENT ZONE IS RELATED TO THE

THICKNESSTHICKNES OF THE PLUME PUMPING RATE HYDRAULIC GRADIENT HYDRAULIC CONDUCTIVITY AND
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ANISOTROPIC RATIO IN ADDITION THE DIAMETER OF THE TREATMENT ZONE CAN BE PREDICTED AS

SCALAR MULTIPLE OF THE PLUME THICKNESS

MASSMAS TRANSFER DESIGN

THE MASSMAS TRANSFER CAN BE CHARACTERIZED BY MASSMAS REMOVAL FACTOR MRF WHICH IS

DEFINED AS THE CONCENTRATION FLOWING INTO THE TREATMENT WELL DIVIDED BY THE

CONCENTRATION FLOWING OUT OF THE WELL FOR EXAMPLE IF THE INITIAL CONCENTRATION IS PPM
AND THE OUTLET CONCENTRATION IS 02 PPM THEN THE MRF IS 102 5 THE PHYSICAL

PARAMETERSPARAMETER THAT WILL AFFECT THE CALCULATED MASSMAS REMOVAL FACTOR ARE AIRWATER RATIO

STRIPPING COLUMN HEIGHT HENRYSHENRY LAW CONSTANT TERNPER RE AND BUBBLE SIZE

WHEN THE STRIPPING COLUMN IS OF SUFFICIENT HEIGHT JM VAPOR PHASE AND

WATER PHASE CONCENTRATIONSCONCENTRATION ARE REACHED THE EQUILIBRIUM LINEAR FUNCTION OF THE

HENRYSHENRY LAW CONSTANT AND THE AIRWATER RATIO AN EQUATION THAT AN BE USED TO CALCULATE

THE MRF IS DERIVED BY GVIRMAN AND GORELICK 1992 AND PANKOW ET AL 1993

MRF WR 1J EQ
WHERE

MRF EQUILIBRIUM MASSMAS REDUCTION FACTOR

HENRYSHENRY LAW CONSTANT ATMM3MOLE
GAS CONSTANT 82 ATMM3MOLEK
ABSOLUTE TEMPERATURE IN DEGREESDEGREE KELVIN

AWR AIRLWATER RATIO VOLUME RATIO WITH THE GAS PHASE VOLUME BASED ON GROUNDWATER

TEMPERATURE AND PRESSURE OF ABOUT PSIG

THE ABOVE EQUATION GIVESGIVE THE MAXIMUM POSSIBLE MASSMAS REDUCTION FACTOR FOR GIVEN

CHEMICAL AND AIRWATER RATIO ADDITIONAL MASSMAS TRANSFER CALCULATIONSCALCULATION ARE ALSO USEFUL TO

EVALUATE THE KINETICSKINETIC OF MASSMAS TRANSFER WITHIN THE AIRLIFT BUBBLE COLUMN THESE

CALCULATIONSCALCULATION NEED TO CONSIDER RESIDENCE TIME IN THE WELL COMPOUND VOLATILITY BUBBLE

SIZE AND EQUILIBRIUM PARTITIONING THE CALCULATIONSCALCULATION ARE BASED ON MASSMAS TRANSFER RATESRATE

FROM WATERLBUBBLE FLOW SYSTEM WHERE THE GAS AND LIQUID STREAMSSTREAM ARE FLOWING TOGETHER

IN THE SAME DIRECTION ZHOU ET AL1994 AND GVIRTZMAN AND GORELICK 1992 THESE

CALCULATIONSCALCULATION INDICATE THAT FOR MOST PRACTICAL APPLICATIONSAPPLICATION BUBBLE DIAMETERSDIAMETER IN THE RANGE

OF 025 TO 05 INCHESINCHE AND CONTACT LENGTHSLENGTH OF 10 TO 15 FEET THE RESIDENCE TIME WITHIN

THE WELL IS SUFFICIENT TO ACHIEVE 95 OR MORE OF THE EQUILIBRIUM MASSMAS TRANSFER VALUE

GEOCHEMICAL CONSIDERATIONSCONSIDERATION
WATERSWATER ARE OFTEN IN EQUILIBRIUM WITH CALCIUM CARBONATE ALSO KNOWN AS CALCITE OR

CACO3 CALCIUM CARBONATE CAN READILY PRECIPITATE FROM SOLUTION IF THE PH OF THE WATER

INCREASES THE PH MAY RISE AND CALCITE PRECIPITATE AS THE SYSTEM STRIPSSTRIP CO2 FROM THE

GROUNDWATER CONCURRENTLY WITH THE VOCS INJECTING CO2 INTO THE AIR DELIVERY LINESLINE WILL

PREVENT THISTHI PRECIPITATION THE FIRST STEP IS TO DETERMINE IF CALCITE PRECIPITATION IS LIKELY

TO OCCUR SPREADSHEET HAS BEEN DEVELOPED THAT COMPUTESCOMPUTE CALCITE EQUILIBRIUM AND

THE QUANTITY IF ANY OF CO2 THAT SHOULD BE INJECTED TO PREVENT CALCITE PRECIPITATION

FURTHER THE SPREADSHEET PROVIDESPROVIDE COST ESTIMATE FOR CO2 USAGE AND THE EXPECTED PH

MCKEONETAL

KCSIIP4 39596



RISE IF NO CO2 IS INJECTED SEVERAL OF THE EQUATIONSEQUATION AND COMPUTATIONSCOMPUTATION USED IN THE

SPREADSHEET ARE DETAILED BELOW

EVEN THOUGH GROUNDWATER IS IN EQUILIBRIUM WITH CALCITE CALCITE WILL NOT PRECIPITATE UNLESSUNLES

THE PH RISESRISE UPON STRIPPING THE PH WILL RISE IF THE SUBSURFACE PARTIAL PRESSURE OF CO2
IS HIGHER THAN THE PARTIAL PRESSURE OF CO2 IN THE ATMOSPHERE DURING STRIPPING THE

GROUNDWATER WILL EQUILIBRATE WITH ATMOSPHERIC PARTIAL PRESSURESPRESSURE OF CO2 1O AND IF

SUBSURFACE PARTIAL PRESSURESPRESSURE ARE HIGHER CO2 WILL BE STRIPPED FROM THE GROUNDWATER

RESULTING IN PH RISE IN THE SPREADSHEET THE SUBSURFACE PARTIAL PRESSURE OF CO2 IS

COMPUTED TO DETERMINE IF THE POTENTIAL FOR PH RISE WITH COMMENSURATE CALCITE

PRECIPITATION IS PRESENT

THE REACTION INVOLVING CO2 IS GRVEN AS FOLLOWSFOLLOW

C032 2W CO2 H20 EQ

WHERE THE LOG OF THE EQUILIBRIUM CONSTANT IS 1816 REARRANGING THISTHI RELATION ALLOWSALLOW

THE DETERMINATION OF THE REACTION CONSTANT AS

PCO2 H20C032 EQ

WHERE REPRESENTSREPRESENT ACTIVITIESACTIVITIE AND PCO2 IS THE PARTIAL PRESSURE OF CO2 G
GIVEN MEASURED PH AND CARBONATE ACTIVITY COMPUTED FROM THE SPREADSHEET THE

SPREADSHEET CALCULATESCALCULATE THE SUBSURFACE PARTIAL PRESSURE OF CO2 ACCORDING TO THE

PREVIOUSPREVIOU RELATION THE SPREADSHEET THEN COMPUTESCOMPUTE THE ANTICIPATED PH RISE WHEN

STRIPPING BY ASSUMING EQUILIBRIUM WITH AN ATMOSPHERIC PARTIAL PRESSURE OF IO
ATMOSPHERES IT MAY OCCUR THAT THE PH RISESRISE ENOUGH TO CAUSE PRECIPITATION IN SOLUTION

THAT WAS INITIALLY UNDERSATURATEA WITH CALCITE

THE SOLUBILITY PRODUCT FOR CACITE VARIESVARIE WITH TEMPERATURE AND CAN BE COMPUTED BY

THE METHOD OF PLUMMER AND BUSENBERG 1982

LOG 171 9065 0077993TK 28393191K 71 595 LOGT

EQ
WHERETK 27315 PC

AND TK IS THE TEMPERATURE IN DEGREESDEGREE KEMN AND TUC IS DEGREESDEGREE CENTIGRADE THESE

CORRECTIONSCORRECTION APPLY FOR TEMPERATURESTEMPERATURE BETWEEN 0C TO 100C

THE IONIC STRENGTH OF THE SOLULION IS COMPUTED COMBINING EQUATIONSEQUATION BY GRIFFIN AND

JURINAK 1973 TO ARRIVE AT

TOS50394 EQ

WHERETDSWHERETD TOTAL DISSOLVED SOLIDSSOLID MGI
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IONIC STRENGTH MOLESIL

THE ACTIVITY COEFFICIENT IS CALCULATED BY

IOGF P2 F112 031 EQ

WHERE IS CONSTANT AND IS EQUAL TO THE VALENCE OF THE ION AND IS USED WITH

CONCENTRATION DATA TO COMPUTE THE ACTIVITIESACTIVITIE OF THE CARBONATE AND CALCIUM IONS

NEXT AN EQUATION DERIVED FROM THE ALKALINITY AND DISSOCIATION CONSTANTSCONSTANT OF CARBONIC

ACID IS APPLIED TO COMPUTE THE CONCENTRATION AND THEN THE ACTIVITY OF THE CARBONATE

ION

MC032 MMOLELL MGI CACO3150 MGMEQI
EQ

TO CALCULATE THE SATURATION INDEX SI IT IS NECESSARY TO COMPUTE THE ACTIVITIESACTIVITIE OF THE

CALCIUM CA2 AND CARBONATE C032 IONS AN ACTIVITY PRODUCT AP IS THEN COMPUTED

BY MULTIPLYING THE ACTIVITY OF THE CALCIUM ION BY THE ACTIVITY OF THE CARBONATE ION SI
IS CALCULATED BY TAKING THE LOG OF THE ACTIVITY PRODUCT OVER THE SOLUBILITY PRODUCT SP AS

SHOWN BELOW

SATURATION INDEX SL OG EQ 10

KNOWING THE SL IT IS POSSIBLE TO DETERMINE WHETHER THE GROUNDWATER IS CURRENTLY

OVERSATURATED IN EQUILIBRIUM OR UNDERSATURATED WITH CALCITE AS INDICATED BELOW IT IS

ALSO POSSIBLE TO COMPUTE THE CO2 NECESSARY TO PREVENT CALCITE PRECIPITATION

SI CALCITE IS OVERSATURATED AND WILL PRECIPITATE FROM SOLUTION

SI CALCITE IS IN EQUILIBRIUM AND WILL PRECIPITATE IF THE PH RISESRISE

SL CALCITE IS UNDERSATURATED AND WILL NOT PRECIPITATE UNLESSUNLES THE PH RISESRISE SUFFICIENTLY

THE SPREADSHEET HAS BEEN VERIFIED AND VALIDATED BY COMPARISON WITH GEOCHEMICAL

CODESCODE AND LABORATORY DATA PREDTIONSPREDTION ARE GENERALLY WITHIN I 1 OF THE VALUESVALUE FOUND

IN THE LABORATORY AND COMPUTED BY THE GEOCHEMICAL CODES

RECYCLING THE AIR CAN REDUCE THE COSTSCOST ASSOCIATED WITH CO2 ADDITIONS RECYCLING IS

ACCOMPLISHED BY RUNNING THE OFF GAS THROUGH THE VACUUM BLOWER AND THEN THROUGH

GRANULAR ACTIVATED CARBON GAC UNIT THE EFFLUENT GAS FROM THE GAC UNIT THEN GOESGOE
THROUGH THE INJECTION BLOWER TO BE REINJECTED INTO THE TREATMENT WELL BASED ON

OPERATING DATA FROM SEVERAL PROJECTSPROJECT IT IS ESTIMATED THAT RECYCLING REDUCESREDUCE THE CO2

REQUIREMENT TO APPROXIMATELY TO PERCENT OF THE TOTAL COMPUTED CO2 REQUIREMENT FOR

AN OPEN LOOP SYSTEM

PERFORMANCE DATA
PERFORMANCE DATA ARE AVAILABLE FROM OPERATING INWELL STRIPPING SYSTEMSSYSTEM COVERING

RANGE OF SITE CONDITIONS AN EXAMPLE DATA SET IS PRESENTED FOR SINGLE PROJECT SITE
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BACKGROUND GEOLOGIC AND HYDROGEOLOGIC CONDITIONSCONDITION AND CONCENTRATION REDUCTION

PROFILES ADDITIONAL PERFORMANCE DATA FOR OTHER SITESSITE IS ALSO PRESENTED ALONG WITH

REFERENCESREFERENCE FOR FURTHER INFORMATION

THE CASE STUDY PRESENTED IS FOR LIGHT INDUSTRIAL SITE IN NORTHERN IDAHO LOCATED IN THE

CITY OF COEUR DALENE GROUNDWATER BENEATH THE SITE IS CONTAMINATED WITH TCE AS

RESULT OF PAST WASTE DISPOSAL PRACTICESPRACTICE AT SEVERAL DIFFERENT INDUSTRIESINDUSTRIE IN AND AROUND

COEUR DALENE THE LAYOUT OF SITE MONITORING WELLSWELL INCLUDESINCLUDE ONE WELL AT THE OUTLET OF THE

TREATMENT WELL SCREENED OVER THE WATER TABLE ONE WELL 19 FEET AWAY SCREENED FROM

TO 15 FEET BELOW THE WATER TABLE AND ANOTHER 89 FEET AWAY SCREENED FROM 10 TO 20

FEET BELOW THE WATER TABLE THE DEPTH TO GROUNDWATER AT THE SITE IS ABOUT 190 FEET

BELOW GROUND SURFACE

THE SITE GEOLOGY CONSISTSCONSIST PREDOMINANTLY OF UNCONSOLIDATED SAND TO DEPTH OF GREATER

THAN 405 FT FEW WELLSWELL IN THE AREA HAVE BEEN DRILLED DEEP ENOUGH TO REACH BEDROCK

THE SEDIMENTSSEDIMENT ARE NEARLY HOMOGENOUSHOMOGENOU EXCEPT THEY GRADUALLY GRADE FROM GRAVEL AT THE

TOP TO MEDIUM AND FINE SAND BELOW THE WATER TABLE FEW THIN DISCONTINUOUSDISCONTINUOU CLAY

LAYERSLAYER ARE ALSO PRESENT BELOW THE WATER TABLE BASED ON THE BONNG LOGSLOG AVAILABLE THE

AQUIFER EXTENDSEXTEND TO BEDROCK WHICH IS AT GREATER THAN 405 FEET BELOW GROUND SURFACE AT

THE SITE THE PRODUCTIVITY OF THISTHI AQUIFER IS HIGH AND THE AQUIFER HAS BEEN DESIGNATED

SOLE SOURCE AQUIFER BY THE EPA IN THE COEUR DALENE VICINITY THE HORIZONTAL

MOVEMENT IS ESTIMATED TO BE APPROXIMATELY FTDAY PAINTER 1996

THE PRIMARY VOC PRESENT IN GROUNDWATER AT THE SITE IS TCE THE MAXIMUM

GROUNDWATER CONCENTRATION OF TCE IDENTIFIED AT THE SITE WAS 1510 GL IN SAMPLE
TAKEN DURING DRILLING SAMPLE TAKEN JUST BEFORE THE SYSTEM BEGAN OPERATING

OCTOBER22 1996 HAD CONCENTRATION OF 900 UGL AN IMPORTANT CONSIDERATION AT THISTHI

SITE IS THE EQUILIBRIUM OF CALCITE CACO3 WITH RESPECT TO THE GROUNDWATER GROUNDWATER

AT THE SITE IS COMPUTED TO BE IN GEOCHEMICAL EQUILIBRIUM WITH CALCITE AND RAISING THE PH

CAN CAUSE CALCITE SCALE FORMATION

THE TREATMENT WELL IS CONSTRUCTED WITH 6INCH CASING AND SCREENSSCREEN SIMILAR TO FIGURE

EXCEPT THAT 4INCH INNER EDUCTOR PIPE IS ADDED WHERE THE AIRLIFT PUMPING AND VAPOR

STRIPPING OCCUR THE INLET SCREEN IS PLACED AT DEPTH OF 30 FEET BELOW THE WATER TABLE

AND THE RECHARGE SCREEN IS PLACED ABOVE THE WATER TABLE THE SYSTEM OPERATESOPERATE AT

WATER PUMPING RATE OF 35 GPM

THE MONITORING DATA COLLECTED OVER THE FIRST FIVE MONTHSMONTH OF SYSTEM OPERATION ARE

PRESENTED IN FIGURE 2 THE CONCENTRATION REDUCTIONSREDUCTION OBSERVED IN NEARBY MONITORING

WELLSWELL ARE QUITE DRAMATIC THE CLOSEST MONITORING WELL MWI 19 FEET AWAY HAS

SHOWN TCE CONCENTRATIONSCONCENTRATION REDUCED BY 98 PERCENT IN THE INITIAL OPERATING PERIOD THE

MOST DISTANT MONITORING WELL MW3 89 FEET AWAY HAS SHOWN CONCENTRATION

REDUCTIONSREDUCTION OF 96 PERCENT IN OVER 12 MONTHSMONTH AND THE DOWNWARD TREND IN CONCENTRATION

APPEARSAPPEAR TO BE CONTINUING BASED ON THE OBSERVED CONCENTRATIONSCONCENTRATION REDUCTIONSREDUCTION 96
REDUCTION AT ABOUT 89 FEET AWAY THE DIAMETER OF TREATMENT ZONE IS MORE THAN TIMESTIME

THE DISTANCE FROM THE INLET SCREEN TO WATER TABLE
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FIGURE OBSERVED TCE CONCENTRATION REDUCTIONSREDUCTION

INWELL STRIPPING INSTALLATION IN COEUR DALENE ID

ADDITIONAL PERFORMANCE DATA ARE ALSO AVAILABLE FROM OTHER PROJECTSPROJECT THROUGHOUT THE

UNITED STATES FOR BREVITY ONKY SUMMARY DATA FOR OTHER OPERATING SYSTEMSSYSTEM ARE

PRESENTED SEE TABLE 1 THE CONCENTRATION REDUCTION PROFILESPROFILE DEMONSTRATING SYSTEM

PERFORMANCE FOR THREE OTHER SITESSITE ARE ALSO PRESENTED FROM PROJECTSPROJECT AT EDWARDSEDWARD AIR

FORCE BASE AFB FAIRCHILD AFB AND OCEANA NAVAL AIR STATION NAS IN FIGURESFIGURE

MCKEONETAL
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AND RESPECTIVELY SEVERAL OF THESE SITESSITE HAVE INCLUDED EXTENSIVE MONITORING

NETWORKSNETWORK WITH FREQUENT SAMPLING

FOR THE SYSTEM AT EDWARDSEDWARD AFB THE DIAMETER OF THE TREATMENT ZONE WAS MEASURED

BASED ON VOC CONCENTRATION REDUCTIONSREDUCTION OF 80 AT GREATER THAN 100 FEET MORE THAN

TIMESTIME THE AQUIFER THICKNESS THE DIAMETER OF THE TREATMENT ZONE OF THE SYSTEM AT

OCEANA NAS WAS MEASURED BASED ON VOC CONCENTRATIONSCONCENTRATION REDUCTIONSREDUCTION OF 90 AT

GREATER THAN 80 FEET WHICH IS APPROXIMATELY TIMESTIME THE AQUIFER THICKNESS THE

DIAMETER OF THE TREATMENT ZONE OF THE SYSTEM AT FAIRCHILD AFB WAS MEASURED BASED
ON VOC CONCENTRATIONSCONCENTRATION REDUCTIONSREDUCTION OF 90 AT GREATER THAN 70 FEET WHICH IS

APPROXIMATELY TIMESTIME THE AQUIFER THICKNESS FOR OTHER SITESSITE THE ESTIMATED TREATMENT

ZONE SIZE HAS BEEN MEASURED BASED ON INCREASED DISSOLVED OXYGEN LEVELSLEVEL AS TRACER

AND AT OTHER SITESSITE THE ESTIMATED TREATMENT ZONE SIZE IS MODELING ESTIMATE BECAUSE

FIELD MONITORING DATA ARE NOT YET AVAILABLE DURING THE EARLY PHASE OF SYSTEM OPERATION

TABLE SELECTED INWELL STRIPPING SYSTEMSSYSTEM INSTALLED SUMMARY OF DESIGN INFORMATION

MEASURED

ESTIMATED

SITE LOCATIONSETTING GEOLOGIC DEPTH WATER HYDRAULIC RADIUSRADIU OF

CONDITIONSCONDITION OF PUMPING CONDUCTIVITY TREATMENT

WELLSWELL RATE CMSEC ZONE

FEET GPM FEET

CA AFB SITE FINE SANDSILTY SAND 50 TO 10 50

FRANCE INDUSTRIAL SITE MEDIUMCOARSE SAND 60 120 02 115

AZ MCASMCA SITE FINE SAND 92 20 75

VA NAVY SITE FINE SAND SILT 20 Y3 40

ID INDUSTRIAL PLANT SAND SILTDAY LAYERSLAYER 220 35 90

WA AFB SITE MEDIUM SAND 14 102 35

AZ LANDFILL SITE MEDIUM SAND 230 150 102 20O

MA AFB SITE MEDIUM FLNE SAND 260 200 102 50

WA LANDFILL SITE SAND AND GRAVEL 90 250 1W 75

CA INDUSTRIAL SITE MEDIUMCOARSE SAND 90 90 W2 90

WA INDUSTRIAL SITE SANDSILTY SAND 40 30 W2 80
MEASURED RADIUSRADIU OF TREATMENT ZONE ESTIMATED RADIUSRADIU PENDING COLLECTION OF MORE DATA
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FIGURE 3 CONCENTRATION REDUCTON
PROFILESPROFILE INWELL STRIPPING SYSTEM AT EDWARDSEDWARD AFB
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ADDITIONAL INFORMATION ON THE INWELL STRIPPING SYSTEMSSYSTEM AT EDWARDSEDWARD AFB FAIRCHILD AFB

AND OCEANA NAS ARE PRESENTED IN BATTELLE 1996 EGG 1996 AND CH2MHILL

1997 THE EXISTING PERFORMANCE DATA ILLUSTRATE THAT INWEIL STRIPPING SYSTEMSSYSTEM CAN BE

EFFECTIVE UNDER RANGE OF HYDROGEOLOGIC CONDITIONS SOME OF THE KEY PERFORMANCE

CHARACTERISTICSCHARACTERISTIC PRESENTED IN THE DATA INCLUDE THE FOLLOWING

THE SYSTEM CAN ACHIEVE CLEANUP GOALSGOAL IN THE LOW PPB RANGE

THE SYSTEM GENERATESGENERATE CIRCULATION PATTERN THAT COVERSCOVER WIDE AREA RADII OF

TREATMENT ZONESZONE HAVE BEEN MEASURED IN EXCESSEXCES OF 100 FEET

THE SYSTEM OPERATION IS VERY ROBUST AND CAN BE APPLIED TO WIDE RANGE OF

HYDROGEOLOGIC CONDITIONSCONDITION

PERFORMANCE DATA GENERALLY INDICATE DRAMATIC CONCENTRATION REDUCTIONSREDUCTION 90
PERCENT AND MORE WITHIN THE FIRST SEVERAL MONTHSMONTH OF OPERATION

COMPARISON OF DESIGN PARAMETERSPARAMETER AND PERFORMANCE DATA
THE MOST IMPORTANT SYSTEM DESIGN PARAMETERSPARAMETER WITH RESPECT TO EFFICIENT OPERATION OF IN

WELL STRIPPING ARE RELATED TO

THE CIRCULATION PATTERNSPATTERN ESTABLISHED IN THE AQUIFER

THE STRIPPING EFFICIENCY WITHIN THE STRIPPING WELL AND

THE EVALUATIONCONTROL OF POTENTIAL CALCITE PRECIPITATION

THE DESIGN PROCESSPROCES NEEDSNEED TO USE ESTIMATESESTIMATE OF KEY HYDROGEOLOGIC CONDITIONSCONDITION WHICH

AFFECT THE SIZE OF THE CIRCULATION PATTERN THE ESTIMATED HYDROGEOLOGIC PARAMETERSPARAMETER

ALWAYSALWAY CONTAIN UNCERTAINTY DUE TO HETEROGENEITY AND POTENTIAL ERRORSBIASESERRORSBIASE IN

MEASURED PARAMETERS THE SYSTEM DESIGN TOOLSTOOL TYPICALLY PREDICT THAT THE DIAMETER OF

THE CIRCULATION ZONE WILL BE IN THE RANGE OF TO TIMESTIME THE DISTANCE FROM THE INLET

SCREEN TO THE WATER TABLE DEPENDING ON THE ANISOTROPY OF THE AQUIFER THE PUMPING

RATE AND THE CONDUCTIVITY THE EXISTING PERFORMANCE DATA INDICATE CIRCULATION ZONESZONE
SIZESSIZE WITHIN THISTHI RANGE IN GENERAL THE PREDICTED AND MEASURED PERFORMANCE ARE

COMPARABLE WITHIN THE UNCERTAINTY ASSOCIATED WITH THE HYDROGEOLOGIC PARAMETERSPARAMETER USED

FOR SITE CHARACTERIZATION

THE STRIPPING EFFICIENCY WITHIN STRIPPING WELL HAS BEEN MEASURED AT NUMBER OF SITESSITE

USING CONCENTRATION DATA FROM THE INLET AND RECHARGE ZONESZONE OF THE WELL THESE DATA

HAVE DEMONSTRATED CONCENTRAUON REDUCTIONSREDUCTION IN THE RANGE OF 85 TO 95 PERCENT IN

SINGLE PASSPAS THROUGH THE TREATMENT WELL THE PERFORMANCE DEPENDSDEPEND ON THE VOLATILITY OF

THE COMPOUND AND THE OPERATING AIRTOWATER RATIO FOR EXAMPLE THE SYSTEM AT

EDWARDSEDWARD AFB INCLUDED WEEKLY SAMPLING FOR APPROXIMATELY MONTHSMONTH AND THE AVERAGE

SINGLE PASSPAS INLET OF THE WELL TO RECHARGE ZONE CONCENTRATION REDUCTION THROUGHOUT THAT

PERIOD WAS 90 PERCENT SEE FIGURE 3F THE AVAILABLE SAMPLING DATA INDICATE THAT THE

MASSMAS TRANSFER DESIGN TOOLSTOOL ARE SUFFICIENTLY ACCURATE FOR DESIGN PURPOSES THISTHI SHOULD

BE EXPECTED GIVEN THE STATE OF KNOWLEDGE REGARDING MASSMAS TRANSFER EMPIRICAL DATA

AVAILABLE IE MASSMAS TRANSFER COEFFICIENTSCOEFFICIENT AND THE ABILITY TO MEASURE KEY PARAMETERSPARAMETER

AFFECTING THE STRIPPING EFFICIENCY
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THE GEOCHEMICAL EQUILIBRIUM CALCULATIONSCALCULATION RELATED TO CALCITE SOLUBILITY AND THE POTENTIAL

FOR PRECIPITATION HAVE BEEN USED FOR VARIETY OF SITE GROUNDWATERS WATER SAMPLESSAMPLE
HAVE BEEN SPARGED AND THE MEASURED INCREASE IN PH IS ACCURATELY PREDICTED WITH

THE DESIGN TOOLS PRIOR TO SYSTEM STARTUP AT EDWARDSEDWARD AFB WHITE SCALE FORMED ON

PIPESPIPE AND EQUIPMENT PLACED BELOW THE WATER TABLE INDICATING THE POTENTIAL FOR

CALCITE PRECIPITATION IN ADDITION AIR STRIPPING TOWERSTOWER OPERATING IN THE GENERAL AREA

INDICATE FREQUENT SCALE BUILDUP REGARDING CONTROL OF CALCITE PRECIPITATION THROUGH

CO2 ADDITION OPERATING DATA FROM SYSTEMSSYSTEM IN CALIFORNIA IDAHO ARIZONA AND

WASHINGTON ALL INDICATE CONTINUOUSCONTINUOU OPERATION WITH NO INDICATION OF PLUGGING OR

FOULING OF THE WELL DUE TO CALCITE PRECIPITATION

THE COMPARISON OF DESIGN VERSUSVERSU PERFORMANCE DATA FOR RANGE OF SITESSITE HAS

DEMONSTRATED THE VALIDITY OF THE SYSTEM DESIGN TOOLS IN GENERAL THE DESIGN TOOLSTOOL

PROVIDE REASONABLE PREDICTION OF THE SYSTEM PERFORMANCE CHARACTERISTICSCHARACTERISTIC WITHIN

THE RANGE OF UNCERTAINTY ASSOCIATED WITH SITE CHARACTERIZATION PARAMETERS

ADDITIONAL ADAPTATIONSADAPTATION OF INWELL STRIPPING TECHNOLOGY
SEVERAL ADDITIONAL ADAPTATIONSADAPTATION OF THE TECHNOLOGY SYSTEM HAVE BEEN DEVELOPED TO

ADDRESSADDRES OTHER GROUNDWATER CONTAMINATION PROBLEMSPROBLEM BEYOND TYPICAL DISSOLVED VOC

PLUMES THESE EXTENSIONSEXTENSION OF THE TREATMENT SYSTEM ALLOW INSITU TREATMENT TO BE APPLIED

TO WIDER VARIETY OF GROUNDWATER CONTAMINATION PROBLEMS THE SYSTEM ADAPTATIONSADAPTATION

INCLUDE

COUPLED INWELL STNPPINGCOMETABOLIS PROJECT TO DEMONSTRATE ENHANCED

COMETABOLISM OF CHLORINATED COMPOUNDSCOMPOUND THROUGH ADDITION OF SUITABLE SUBSTRATESSUBSTRATE

AND NUTRIENTSNUTRIENT

COUPLED INWELL STRIPPINGADVANCED OXIDATION PROJECT FOR INSITU TREATMENT OF

SELECTED ORGANIC COMPOUNDSCOMPOUND WHICH ARE NOT STNPPABLE DUE TO LOWER VOLATILITY

AN INWELL STRIPPING SYSTEM COUPLED WITH SUITABLE REACTIVE MEDIA IN AN INFILTRATION

GALLERY FOR INSITU FIXATION OF MANY COMMON INORGANIC CONTAMINANTSCONTAMINANT

AN INWELL STRIPPING SYSTEM COUPLED WITH BIOSLURPING TO ADDRESSADDRES SITESSITE WITH FLOATING

FREE PRODUCT ALONG WITH THE DISSOLVED PLUME

AN INWELL STRIPPING SYSTEM CAN ALSO BE EASILY IMPLEMENTED IN PHASED APPROACH

WHERE WELLSWELL ARE INSTALLED AS PLUME EXTENT IS IDENTIFIED OPERATING THE TREATMENT WELLSWELL

DURING THE REMEDIAL INVESTIGATION HAS THE OBVIOUSOBVIOU BENEFIT OF STARTING REMEDIAL ACTIONSACTION

EARLY TO REMOVE VOC MASSMAS AND HELP LIMIT FURTHER PLUME MIGRATION AN INWELL STRIPPING

SYSTEM USESUSE MODULAR INSITU TREATMENT AND CAN BE DESIGNED WITHOUT EXTENSIVE PIPING

NETWORKS THESE CHARACTERISTICSCHARACTERISTIC ALLOW THE SYSTEM TO BE DESIGNED AND INSTALLED USING

AN OBSERVATIONAL METHOD APPROACH TO SITE REMEDIATION THAT CAN BE INITIATED BEFORE

COMPLETE SITE CHARACTERIZATION IS DONE SINCE SOME GEOLOGIC AND HYDROGEOLOGIC

SYSTEMSSYSTEM CAN BE VERY COMPLEX FT IMPOSSIBLE TO COMPLETELY CHARACTERIZE SITE AND AN

OBSERVATIONAL APPROACH MAY OFTEN BE THE MOST COSTEFFECTIVE DESIGNCONSTRUCTION

PROCESS
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SUMMARY
INWELL STRIPPING IS PATENTED DESIGN FOR INSITU REMEDIATION OF VOCSVOC IN GROUNDWATER

USING AIRHFT PUMPING AND INWELL STRIPPING VARIETY OF MODELING AND DESIGN TOOLSTOOL HAVE

BEEN DEVELOPED TO ASSIST IN SYSTEM DESIGN AND EVALUATION THE EXISTING PERFORMANCE
DATA HAVE BEEN USED TO DEMONSTRATE INWELL STRIPPING EFFECTIVENESSEFFECTIVENES AND VALIDATE THE

MODELING AND SYSTEM DESIGN TOOLS SOME OF THE KEY PERFORMANCE CHARACTERISTICSCHARACTERISTIC

PRESENTED IN THE DATA INCLUDE THE FOLLOWING

THE SYSTEM CAN ACHIEVE CLEANUP GOALSGOAL IN THE LOW RANGE

THE SYSTEM GENERATESGENERATE CIRCULATION PATTERN THAT RS WIDE AREA RADII OF

TREATMENT ZONESZONE HAVE BEEN MEASURED IN EXCESSEXCES OF CO FEET

THE SYSTEM OPERATION IS VERY ROBUST AND CAN BE APPLIED TO WIDE RANGE OF

HYDROGEOLOGIC CONDITIONSCONDITION

PERFORMANCE DATA GENERALLY INDICATE RAPID CONCENTRATION REDUCTIONSREDUCTION 90 PERCENT

AND MORE WITHIN THE FIRST SEVERAL MONTHSMONTH OF OPERATION
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PROJECT PERFORMANCE CORPORATION
ECCEPTIONAL PEFFORMANCE FOR TOMORMWSTOMORMW ENVIRONMENT

INWELL VAPOR STRIPPING WITH PRESSURIZED

RECIRCULATING WELL SYSTEMSSYSTEM

THE CONCEPT OF RECIRCULATING WELLSWELL WITH INWELL

VAPOR STRIPPING WAS DEVELOPED AND TESTED IN THE

LATE 1980S1980 AS AN ALTERNATIVE TO PUMP AND TREAT

REMEDIESREMEDIE FOR VOLATILE ORGANIC COMPOUND VOC
CONTAMINATION IN GROUNDWATER INWELL VAPOR

STRIPPING SIMPLIFIESSIMPLIFIE THE TREATMENT PROCESSPROCES BY

ELIMINATING SEPARATE ABOVEGROUND AQUEOUSAQUEOU
PHASE TREATMENT

PROJECT PERFORMANCE CORPORATION PPC STAFF

HAVE BEEN INVOLVED IN THE DESIGN INSTALLATION

AND STARTUP OF INWELL STRIPPING SYSTEMSSYSTEM FOR THE

PAST FOUR YEARS UNDER LICENSE AGREEMENT FOR

THE PATENTED DENSITY DRIVEN CONVECTION DDC IN

WELL STRIPPING TECHNOLOGY PPC STAFF CAN DESIGN

INSTALL AND OPERATE ADVANCED SYSTEMSSYSTEM TO MEET

YOUR REMEDIATION NEEDS

IN THE DDC SYSTEM AIR IS INJECTED VIA AN AIR LINE

INTO THE WELL CASING THE AIR REDUCESREDUCE THE DENSITY

OF THE WATER COLUMN WITHIN THE WELL BORE CREATING

AN UPWARD VERTICAL GRADIENT WITHIN THE WELLBORE THAT

DRAWSDRAW WATER IN THROUGH THE LOWER SCREEN AND

PUSHESPUSHE AERATED GROUNDWATER OUT THROUGH THE

UPPER SCREEN THISTHI PROCESSPROCES CREATESCREATE

GROUNDWATER CIRCULATION CELL WITHIN THE AQUIFER

SURROUNDING THE DDC WELL

OVER 50 FULLSCALE SYSTEMSSYSTEM HAVE BEEN INSTALLED TO

DATE CLEANUP TIME FRAME DEPENDSDEPEND ON THE SITE

GEOLOGY SEVERAL PROJECTSPROJECT HAVE COMPLETED SITE

REMEDIATION IN APPROXIMATELY LYEAR OTHER SITESSITE IN

SILT AND CLAY FORMATIONSFORMATION HAVE ACHIEVED CLEANUP

GOALSGOAL IN APPROXIMATELY YEARS

ADDITIONAL INFORMATION ON INWELL VAPOR

STRIPPING SYSTEMSSYSTEM IS AVAILABLE BY

PATENTED INWELL STRIPPING SYSTEM CONTACTING PPC AT THE OFFICESOFFICE LISTED BELOW

ADVANTAGESADVANTAGE OF RECIRCULATING WELL

DESIGNSDESIGN OVER PUMP AND TREAT

SYSTEMSSYSTEM

REQUIRESREQUIRE LOWER CAPITAL AND OM COSTSCOST

REDUCESREDUCE OPERATING COSTSCOST ONLY VAPORSVAPOR
ARE PUMPED TO SURFACE NOT WATER

ELMINATESELMINATE NEED FOR NPDESNPDE PERMITSPERMIT

DISCHARGE FEESFEE AND ASSOCIATED

SAMPLINGLREPORTING REQUIREMENTSREQUIREMENT

IT ENHANCESENHANCE REMOVAL OF CHLORINATED

SOLVENTSSOLVENT THROUGH VERTICAL GRADIENTSGRADIENT

AND AGGRESSIVE FLUSHING OF THE SOIL

S ENHANCESENHANCE BIOREMEDIATION OF

HYDROCARBONSHYDROCARBON THROUGH AERATION OF

TREATED WATER

OPTIONSOPTION AVAILABLE FOR RECOVERY OF

SEPARATE PHASE LNAPLSLNAPL AND DNAPLSDNAPL
AIR PJR

INJECTION EXTRACTION

ELOWEP BLOWER

VCCSVCC

LPPER

RECHARGE

SCREEN
WATER TABLE

STRIPPED

WATER

GROINJ WATER

RECIRCLLATION

LOWER INTPKE

SCREEN
VOCCONTAMHATED

WATER
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STAFF AT PROJECT PERFORMANCE CORPORATION PPC HAVE BEEN INVOLVED WITH THE DESIGN INSTALLATION AND

OPERATION OF PRESSURIZED RECIRCULATING WELLSWELL FROM THE START OF DEVELOPMENT AND COMMERCIALIZATION EFFORTSEFFORT IN

THE US PPC STAFF HAVE DIRECT DESIGN INSTALLATION AND OPERATIONAL EXPERIENCE AT NUMEROUSNUMEROU SITESSITE SOME OF

WHICH ARE SUMMARIZED BELOW

GEOLOGIC DEPTH DEPTH VOC PUMPING GRADIENT HYDRAULIC MEASURED

CONDITIONSCONDITION OF TO CONCENTRATIONSCONCENTRATION RATE FTFT CONDUCTIVITY ESTIMATED

WELLSWELL WATER PPB GPM CMLSEC RADIUSRADIU OF

SITE LOGATION
FEET FEET TREATMENT

SETTING
ZONE FEET

FINE SAND 27 0005 I0 50
CALIFORNIA USAF 50 100 TO 300 TCE TO

SITE REF 14 SILTY
SAND

FRANCE INDUSTRIAL
MEDIUM 5000 TO 120

0007 10 115

PLANT REF
COARSE SAND

10000 PCE

ANZONA USMC FINE SAND
92

60
10 TO 20 TCE 20

0003 X103 75

SITE REF 19

VIRGINIA NAVY SITE
FINE

20
TO 10000 DOE 0002 I0 40

REF 16 SANDSANDY

SILT SIFT

IDAHO INDUSTRIAL
SAND WITH

220
190

900 TOE 35 0006 10 90

PLANT REF 20 SILTCLAY LAYERSLAYER

WASHINGTON
MEDIUM SAND

14 10000 TPHG 0003 102 35

USAF SITE
WITH SILT

REF 15

ANZONA LANDFILL
MEDIUM SAND 230 130 100 TCE 150 0004 102 200

SITE 500 PCE

MASSACHUSETTS
MEDIUM

260 40 1000 ICE 200 0002 102 150

USAF SITE
FIFE ND

REF 17

INDIANA
MEDIUM 92 60 100 ICE 30 0003 10 75

INDUSTRIAL PLANT FINE SAND

WASHINGTON
SAND AND 90 45 100 ICE 250 0004 10 75

LANDFILL SITE GRAVEL

CALIFORNIA
MEDIUM 90 60 20000 TOTAL 90 0005 102 90

INDUSTRIAL SITE
COARSE SAND VOCSVOC

WISCONSIN
FINE SAND

38 10 1000 TOTAL BTEX 0002 10 75

GAS STATION SANDY SILT

CALIFORNIA
SAND TO

80
10 500000 TOTAL 70

00008 10 170

NAVY SITE
SILTY SAND VOCSVOC

DATA ILLUSTRATING THE PERFORMANCE OF PRESSURIZED RECIRCULATING WELL SYSTEMSSYSTEM ARE PRESENTED IN THE ATTACHED

CASE HISTORIES FOR ADDITIONAL INFORMATION CONTACT PPC
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12 CICHON E P MANTOVANI AND T MCKEON 1996 RISING BUBBLESBUBBLE LOWER COSTSCOST SOIL AND

GROUNDWATER CLEANUP NOVEMBER PP 4043
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SUMMARY REPORT FAIRCHILD AIR FORCE BASE SPOKANE WA
16 CH2M HILL 1997 FINAL REPORT ON THE PILOT TEST OF INSITU AERATION TECHNOLOGY AT RCRA SWMU
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INWELL STRIPPING AT NATIONAL GUARD BASE MASSACHUSETTSMASSACHUSETT
STRATIFIED PLUME CASE STUDY

SETTING FORMER OTISOTI AIR FORCE BASE

LARGE DEEP STRATIFIED PLUMESPLUME CONTAMINATED WITH TCE PCE AND DCE
SOLE SOURCE AQUIFER HIGHLY PRODUCTIVE

2WELL SYSTEM DESIGNED TO DEMONSTRATE RECIRCULATING WELLSWELL IN THISTHI SETTING

HYDROGEOLOGY OUTWASH DEPOSITSDEPOSIT PRIMARILY SAND AND FINE GRAVELSGRAVEL

PLUME THICKNESSTHICKNES 120 FEET 110 FEET BGS 230 FEET BGS

AQUIFER THICKNESSTHICKNES 215 FEET 15 FEET BGS 230 FEET BGS
VADOSE ZONE THICKNESSTHICKNES 15 FEET

HYDRAULIC CONDUCTIVITY 160 FEETLDAY

HORIZONTAL GRADIENT 0002

CONTAMINATION ICE CONCENTRATIONSCONCENTRATION UP TO 2700 PPB AVERAGE TCE OF 1234 PPB

PCE UP TO 84 PPB

DCE UP TO 130 PPB

SYSTEM IS INSTALLED IN CENTRAL AREA OF LARGE PLUME

INITIAL RESULTSRESULT MONITORING WELLSWELL ESTABLISHED AT SEVEN DEPTH INTERVALSINTERVAL FROM ABOVE THE PLUME TO THE

BOTTOM OF THE AQUIFER

MONITORING OF INLET AND OUTLET CONCENTRATIONSCONCENTRATION FROM THE RECIRCULATING WELLSWELL INDICATESINDICATE SINGLE

PASSPAS STRIPPING EFFICIENCY OF BETWEEN 88 AND 94 ICE REMOVAL

THE LARGE MONITORING NETWORK OF 18 WELLSWELL SHOWSSHOW AN OVERALL AVERAGE REDUCTION OF 77 IN

ICE CONCENTRATIONSCONCENTRATION LESSLES THAN MONTHSMONTH AFTER STARTUP SIXTEEN OF THE WELLSWELL SHOW AN

AVERAGE REDUCTION OF 90 THE OTHER TWO WELLSWELL SHOW INCREASESINCREASE AS THE PLUME MIGRATESMIGRATE

TOWARD THE RECIRCULATING WELL EXTRACTION INTERVAL PEAK REDUCTIONSREDUCTION OF 98 ARE SEEN IN

SOME WELLS

THE TOP INTERVAL HAS REMAINED AT NONDETECT INDICATING THAT RECIRCULATION DOESDOE NOT

MOVE CONTAMINATION INTO UNCONTAMINATED UPPER ZONE

CONTAMINATION IN THE BOTTOM INTERVAL BELOW THE LEVEL OF THE RECIRCULATING WELL INLET

SCREENSSCREEN IS ALSO DECREASING DEMONSTRATING THAT THE CIRCULATION PATTERN EXTENDSEXTEND BELOW THE

WELLS

OPERATION DETAILSDETAIL

TWO 30HP REGENERATIVE BLOWERSBLOWER

PUMPING RATE 150 GPM IN EACH WELL

AIR INJECTION RATE 450 CFM IN EACH WELL

AIR IS TREATED AND REINJECTED IN CLOSEDLOOP NO AIR EMISSION NO AIR DISCHARGE PERMITSPERMIT

REQUIRED
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CONCENTRATION REDUCTION PROFILESPROFILE NATIONAL GUARD BASE MA
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INWELL STRIPPING MARINE CORPSCORP AIR STATION MCASMCA ARIZONA
FLUME CONTAINMENT CASE STUDY

SETTING LARGE PLUME CONTAMINATED WITH CHLORINATED SOLVENTSSOLVENT THAT HAS REACHED THE SITE BOUNDARY

3WELL SYSTEM DESIGNED AS BOUNDARY CONTAINMENT SYSTEM TO PREVENT FURTHER

DOWNGRADIENT PLUME MIGRATION

HYDROGEOLOGY WELLSORTED FINE SANDSSAND WITH SILT AND CLAY LENSESLENSE

PLUME THICKNESSTHICKNES 30 FEET

VADOSE ZONE THICKNESSTHICKNES 60 FEET

HYDRAULIC CONDUCTIVITY 39 10 CMSEC
HORIZONTAL GRADIENT 00003 FEET PER FOOT

CONTAMINATION PLUME SOURCE AREA CONTAINSCONTAIN UP TO 450 PPB TCE 16 PPB PCE AND 170 PPB DCE

DOWNGRADIENT EDGE CONTAINSCONTAIN APPROXIMATELY 15 PPB TCE PPB PCE AND 20 PPB DCE

INORGANIC

CHEMISTRY ALKALINITY PH AND CALCIUM CONCENTRATIONSCONCENTRATION INDICATE GROUNDWATER IS IN EQUILIBRIUM WITH

CALCITE POTENTIAL FOR CALCITE PRECIPITATION EXISTSEXIST

ADDING CARBON DIOXIDE INTO CLOSEDLOOP SYSTEM HAS EFFECTIVELY PREVENTED CALCITE

PRECIPITATIONLFOULIN

WELL LOCATION MAP OF AREA SITE AT MCASMCA

4

FENCE AT PROPERTY BOUNDARY

ALMWON

ACCESSACCES ROAD

ALMWSD ALLOWOR

SWED

SWSI

GROUNDWATER
FLOW DIRECTION

SWAD

4
ALMW02

ALYWOL
ALMWON

II ALMWSI

STRIPPING WELL
10 20 30 40 SO

MONITORING WELL

SCALE IN FEET ESTIMATED N0000I INFLUENCE

4
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20

18

14

12
10
06
C

11007

PROJECI PERFORMANCE CORPORATION RECIRCULATING WELL PERFORMANCE DATA

INITIAL RESULTSRESULT CONCENTRATIONSCONCENTRATION IN TWO OF THE THREE WELLSWELL HAVE DECREASED FROM APPROXIMATELY 20 PPB

11 DCE AND 15 PPB TCE TO LESSLES THAN PPB 11 DCE AND LESSLES THAN PPB TOE

VOCSVOC DECREASED IN MONITORING WELL SCREENED 20 FEET BELOW THIRD WELL INDICATING REMOVAL

FROM DEPTHSDEPTH BELOW THE BOTTOM OF THE SCREEN

MEASURED STRIPPING EFFICIENCIESEFFICIENCIE 95 ON SINGLE PASSPAS SYSTEM DESIGNED FOR MULTIPLE

PASSES

WATER LEVE DATA SHOW GROUNDWATER CONTAINMENT CURTAIN ESTABLISHED TO INTERCEPT PLUME

MASSMAS BALANCE DECLINING GROUNDWATER CONCENTRATIONSCONCENTRATION AND MEASURED VOCSVOC IN THE AIR

STREAM COINCIDE CONFIRMING TREATMENT THROUGH REMOVAL

TREATED APPROXIMATELY 3800000 GALLONSGALLON OF WATER TO BELOW MCLS

OPERATION DETAILSDETAIL

10HP POSITIVE DISPLACEMENT BLOWER

PUMPING RATESRATE OF APPROXIMATELY 20 GPM FOR EACH WELL

EXPECTED TREATMENT RADIUSRADIU 50 FEETWELL

CONCENTRATIONSCONCENTRATION AT THE INLET SCREENSSCREEN OF THE RECIRCULATING WELLSWELL AT MCASMCA ARIZONA

11DCEVLL02J

ICE WELL03

11DCEWEII03

ICE WELI02

10J97 219197 31I1I97

3AM PLINY DOTAA

STARTUP ON 112097
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INWELL STRIPPING AT CERCLA LANDFILL PASCO WASHINGTON
PLUME CONTAINMENT CASE STUDY

SETTING CHLORINATED SOLVENT PLUME IS MIGRATING FROM THE LANDFILL TOWARD THE TOWN OF PASCO

WASHINGTON LOCATED 15 MILESMILE SOUTHWEST OF THE LANDFILL 2WELL SYSTEM WAS INSTALLED

FOR BOUNDARY CONTAINMENT TO PREVENT FURTHER DOWN GRADIENT PLUME MIGRATION

HYDROGEOLOGY AQUIFER COMPOSED OF GRAVELLY SANDSSAND WITH SOME SILT

PLUME THICKNESSTHICKNES IS APPROXIMATELY 45 FEET

VADOSE ZONE THICKNESSTHICKNES 60 FEET

HYDRAULIC CONDUCTIVITY 43 10 CMSEC
HORIZONTAL GRADIENT 0004 FEET PER FOOT

CONTAMINATION TREATMENT ZONE WELLSWELL CONTAINED CONCENTRATIONSCONCENTRATION OF 140 PPB TCE 23 PPB PCE 816 PPB

111TCA 1600 PPB CIS12DCE AND 72 PPB CIS11DGE

INORGANIC ALKALINITY PH AND CALCIUM CONCENTRATIONSCONCENTRATION INDICATE GROUNDWATER IS IN EQUILIBRIUM

CHEMI5TRY WITH CALCITE POTENTIAL FOR CALCITE PRECIPITATION EXISTS ADDING CARBON DIOXIDE INTO

CLOSEDLOOP SYSTEM HAS EFFECTIVELY PREVENTED CALCITE PRECIPITATIONFOULIN

INITIAL RESULTSRESULT SIGNIFICANT CONCENTRATION REDUCTIONSREDUCTION WERE OBSERVED IN TREATMENT ZONE AND DOWN GRADIENT

WELLS THE EFFECTIVENESSEFFECTIVENES OF THE TREATMENT SYSTEM IS READILY APPARENT FROM COMPARISON

OF CONTAMINANT CONCENTRATIONSCONCENTRATION BEFORE STARTUP DURING SHUTDOWN PERIOD FOR SYSTEM

UPGRADESUPGRADE AND AFTER RESTARTING FOLLOWING COMPLETION OF UPGRADES

BETWEEN MARCH AND DECEMBER 1997 CONCENTRATION REDUCTIONSREDUCTION OBSERVED IN THE WELLSWELL

WITH SOME OF THE HIGHEST INITIAL CONCENTRATING WERE TCE FELL FROM 140 PPB TO 47 PPB
PCE DECLINED FROM 23 PPB TO 05 PPB 111 TCA DECREASED FROM 816 PPB TO 170 PPB
CIS12DCE PLUNGED FROM 1600 PPB TO 93 PPB AND 11DCE FELL FROM 72 TO 45 PPB
DOWN GRADIENT CONCENTRATIONSCONCENTRATION OF ALL CONTAMINANTSCONTAMINANT ANALYZED FELL TO BELOW REGULATORY

LIMITS FIGURESFIGURE AND INDICATE THE DECREASESDECREASE IN CONCENTRATION OVER TIME FOR TWO OF THE

CONTAMINANTSCONTAMINANT IN THE TREATMENT ZONE PERCENTAGE DECREASESDECREASE FOR CONTAMINANTSCONTAMINANT ARE

PRESENTED BELOW

97 REDUCTION IN TCE
98 REDUCTION IN PCE
79 REDUCTION IN 111 TCA
99 REDUCTION IN 12DCE
94 REDUCTION IN 11 DCE

QPURDUON

30HP REGENERATIVE BLOWERSBLOWER

PUMPING RATESRATE OF APPROXIMATELY 6070 GPM FOR EACH WELL

TREATMENT RADIUSRADIU 90 FEETLWELL GREATER THAN TWO TIMESTIME THE PLUME THICKNESSTHICKNES

CLOSEDLOOP TREATMENT SYSTEM NO AIR EMISSIONSEMISSION

PROJECT PERFORMANCE CORPORATION RECIRCULATING WALL PERFORMANCE DATA
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PROJECT PERFORMANCE CORPORATION RECIRCULATING WELL PERFORMANCE DATA

FI9URO

LJITCA1N TREATMENT ZONE WELLSWELL

900

800

700

600

500

400

300

200

100

112097 31197 413097 611997 8897 92797 1116197

SAMPLING DATE

4

1598

FIGURE

1DCE IN TREATMENT ZONE WELLSWELL

ANVM01
NVM02

A NVM01

NVMO2

100

90

80

70

60

50

40

30

20

10

12097 31197 43097 61997 8897 912797 111697 1598

SAMPLE DATE
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INWELL STRIPPING SYSTEM NAVAL AIR STATION NAS VIRGINIA

SETTING NAVAL AIR STATION VIRGINIA SINGLE WED PILOT INSTAFLATION

HYDROGEOOGY FINE SAND WITH SILT HYDRAUFIC CONDUCTIVITY LXI CMSEC

SATURATED THICKNESSTHICKNES 15 FEET

HYDRAUDC GRADIENT O007 FTFT

VADOSE ZONE THICKNESSTHICKNES TO FT

CONTAMINATION CIS1 2DCE PEAK CONCENTRATIONSCONCENTRATION AS HIGH AS 10000 PPB

LOWER LEVELSLEVEL OF BTEX AND TPH PRESENT

PRIMARY OBJECTIVE OF HOTSPOT MASSMAS REMOVAL

INORGANIC

CHEMISTRY DISSOLVED IRON 80 PPM

RESULTSRESULT PUMPING RATE GPM
PERIOD OF OPERATION MONTH PILOT OPERATION

RADIUSRADIU OF INFLUENCE GREATER THAN 40 FEET ABOUT TIMESTIME PLUME THICKNESSTHICKNES

BTEX REDUCED TO LEVELSLEVEL BELOW OR NEAR DETECTION LIMITSLIMIT

MAXIMUM 2DCE CONCENTRATION REDUCTION 99
MOST WEDSWED WITHIN TREATMENT ZONE HAVE REACHED 2DCE CLEANUP STANDARD AFTER

MONTHSMONTH OF OPERATION

12DCE CONCENTRATION REDUCTIONSREDUCTION MONTHSMONTH OF OPERATION

BTHLDNG
844

PZ4OSPZ4O SPZ2OSSPZ2O 11 NOVOCSNOVOC
NOVOCSNOVOC CONTROL
RWI TRALER

MWI

2OFT

10 20 30

4OFT SCALE FEET

PROJECT PERFORMANCE CORPORATION
REDRCUADN9 WELL PERFORMANCE DATA
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INWELL STRIPPING AT NAVAL AIR STATION

DCE CONCENTRATION REDUCTION PROFILESPROFILE

NOTE THE LOGARITHMIC SCALE ON THE YAXISYAXI

10000

100

10

24JUL 8AUG 22AUG 25SEP

DATE

MWI 20 FT AWAY RWISRWI AT STRIPPING WELL

RWID AT STRIPPING WELL PZ2OSPZ2O 20 FT AWAY

PZ4OSPZ4O 40 FT AWAY

OPERATION DETAILSDETAIL

HP HP REGENERATIVE BLOWERSBLOWER

OFF GAS TREATMENT GRANULAR ACTIVATED CARBON

PH CONTROL AUTOMATED ACID METERING SYSTEM

PH CONTROL SYSTEM HAS EFFECTIVELY CONTROLLED IRON PRECIPITATION FOULING WITH VIRTUALLY NO

MAINTENANCE

SEVERAL MONITORING WELLSWELL TO MEASURE PERFORMANCE AND RADIUSRADIU OF TREATMENT ZONE

AT GPM AIRTOWATER RATIO 751

MOBILE EQUIPMENT TRAILER AND PROCESSPROCES CONTROLSCONTROL

SYSTEM OPERATION HAS BEEN INSERVICE OVER 98 OF TIME WITH VERY
LIMITED INSPECTION

SYSTEM SHUTDOWNSSHUTDOWN HAVE BEEN DUE TO POWER OUTAGESOUTAGE AND FLOODING FROM HURRICANESHURRICANE

PROJECT PERFORMANCE CORPORATION
RECRCUADNG WAIF PERFORMANCE DATA
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INWELL STR1PPNG AT AR FORCE BASE WASHNGTON
BTEX CASE STUDY

SETTING AIR FORCE BASE WA
SINGE WEFL OCATED IN CENTER OF PUME

HYDROGEOOGY MEDIUM SAND WITH SILT HYDRAUFLC CONDUCTIVITY 8X1 02 CMSEC

SATURATED THICKNESSTHICKNES 46 TO 58 FEET

GRADIENT 00013 FTFT

VADOSE ZONE THICKNESSTHICKNES FT

CONTAMINATION TPHG 02O0 PPB SHEEN OBSERVED BENZENE PPB TOUENE 10 PPB

ETHYBENZENE 237 PPB XYENE 496 PPB

NORGANIC

CHEMISTRY TOTA AKALLNITY AS CACO3 500 MGL
DISSOVED IRON 20 TO 80 MGIL

OPERATING

RESUFTSRESUFT PUMPING RATE GPM

STRIPPED VOCSVOC IN VAPOR STREAM 12 TO 25 PPMV

DAILY MASSMAS REMOVA 026 HYDROCARBONSDAY

TPH OF NOVOCSNOVOC RECHARGE WATER AT NONDETECT EVESEVE
AVERAGE TPH REDUCTIONSREDUCTION OF 50 IN FIRST OPERATING WEEK

RADIUSRADIU OF TREATMENT ZONE GREATER THAN TIMESTIME SATURATED THICKNESSTHICKNES

REDUCTON TPHG CONCENTRATONSCONCENTRATON AFTER MONTH OF OPERAI1ON

NFL

FON CROUWLWARE
WLKL

20FT

10 20 30

SCA EFEE1

PROJECT PERFORMANCE CORPORATION
RECFRCUTATHIG WE PERFORMANCE DATA
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TPHG CONCENTRATION REDUCTIONSREDUCTION

14000

12000 OUTLET

10000 MWSY FT AWAY

MWS7AL4FTAWAY

8000 MW67B 34 FT AWAY
314FTAWAY

800O

4000

2000

10

START STOP TTRT STOP

WEEKSWEEK OF OPERATON

ETHYLBENZENE AND XYLENE CONCENTRATION REDUCTIONSREDUCTION

250 500
KILET

MW6T7 AWAY 450 MWS7T AWAY

200 MWSIB B2 AWJ MW67B
M3 14 AWAY M3 14 AWAY

350
150 300

250

1W 200

150

50 100

50
01

10 U
DAYSDAY OF OPARATON DAYSDAY OF OPERADON

OPERATION DETAILSDETAIL

HP REGENERATIVE BLOWERSBLOWER COSED OOP OPERATION NO AR EMISSIONSEMISSION

OFF GAS TREATMENT GRANUAR ACTIVATED CARBON

PH CONTROL AUTOMATED ACID METERING SYSTEM

MONITORING WEDSWED TO MEASURE PERFORMANCE AND RADIUSRADIU OF TREATMENT ZONE

MOBILE EQUIPMENT TRADER AND PROCESSPROCES CONTROLSCONTROL

PROJECT PERFORMANCE CORPORATION
RECRCUADFLGWEU PERFOMRNNCE DATA
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NWELL STRPPNG AT PGMENT MANUFACTURNG SIFE

SETHNG PIGMENT MANUFACTURING SITE FRANCE

TWOWEU INSTALLATION

HYDROGEOLOGY MEDIUM SAND HYDRAULIC CONDUCTIVITY 5X1 02 CMSEC

SATURATED THICKNESSTHICKNES 55 FEET

HYDRAULIC GRADIENT 00O7 FTLFT

VADOSE ZONE THICKNESSTHICKNES FT

CONTAMINATION PCE PPM AVERAGE INITIA DISSOLVED CONCENTRATION PEAK CONCENTRATIONSCONCENTRATION AS HIGH

AS 23 PPM
DNAPL PRESUMED PRESENT

PRIMARY OBJECTIVE
OF HOTSPOT MASSMAS REMOVAL

RESULTSRESULT PUMPING RATE 125 GPM NV1 60 GPM NV2
PERIOD OF OPERATION 18 MONTHSMONTH

RADIUSRADIU OF INFLUENCE 115 FEET 35 METERSMETER PER WELL

MAXIMUM CONCENTRATION REDUCTION 98
AVERAGE CONCENTRATION REDUCTION 91
TOTAL MASSMAS REMOVAL IN CONJUNCTION WITH SVE 4000 LBS OF PCE

PCE CONCENTRATION REDUCTIONSREDUCTION AFTER 10 MONTHSMONTH OF OPERATION

IADU OF

TREATMENT ZONE

EG GROU4DWTHR
WOCNW

PROJED PERFORMANCE CORPORATION
RNDRCUATTHG WAIL PERFORMANCE DATA
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RADIUSRADIU OF TREATMENT ZONE FROM RECIRCULATING WELL NV2

PROJECT PERFORMANCE CORPORATION RECIRCULATING WELL PERFORMANCE DATA

THE PREDICTED CIRCULATION ZONE FOR RECIRCULATING WELL IS AN IMPORTANT SYSTEM DESIGN PARAMETER THE
WATER RECHARGED FROM THE UPPER WELL SCREEN WELL HAS DISSOLVED OXYGEN DO CONCENTRATIONSCONCENTRATION IN EXCESSEXCES OF

THE BACKGROUND DO FOUND IN MOST AQUIFERS THEREFORE THE DISTRIBUTION OF DO IN THE AQUIFER CAN BE USED

TO DEMONSTRATE THE EXTENT OF THE AREA BEING TREATED BY THE RECIRCULATING WELL

AT THISTHI SITE THE CIRCULATION ZONE FOR EACH WELL WAS MEASURED BY ANALYZING DO IN GROUNDWATER AFTER 10

MONTHSMONTH OF OPERATION THE EXTENT OF THE CIRCULATION ZONE FOR WELLSWELL NVI AND NV2 IS APPROXIMATELY 35 TO

40 METERSMETER 115 TO 130 FEET IN RADIUSRADIU RESPECTIVELY THERE WAS REASONABLE MATCH BETWEEN THE DESIGN

PREDICTED AND MEASURED CIRCULATION ZONES

RADIUSRADIU OF TREATMENT ZONE FROM RECIRCULATING WELL NVI

10 W1A PZ3
0I

10 20 30 40 50

LDIAI DISTANCE FROM TLL METERSMETER

10

10 20 30

LDIAL DISTANCE FROM NV2 METERSMETER
40 6050
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INWELL STRPPNG SYSTEM AT AR FORCE BASE CAUFORNA

SETTING AIR FORCE BASE CA

TECHNOOGY DEMONSTRATION SITE

HYDROGEOLOGY SANDY SILTSTY SAND

LOW YIELD AQUIFER LXI CMSEC

SATURATED THICKNESSTHICKNES 23 FEET

HYDRAULIC GRADIENT
00047 FTFT

VADOSE ZONE THICKNESSTHICKNES 27 FT

CONTAMINATION TCE 300 PPB INITIAL

INORGANIC ALKAHNITY 288 PPM AS CACO3 GROUNDWATER IS IN EQUILIBRIUM WITH

CHEMISTRY CALCITE STRONG POTENTIAL FOR SCALING

RESULTSRESULT PUMPING RATE TO GPM
PERIOD OF OPERATION

MONTHSMONTH

RADIUSRADIU OF TREATMENT ZONE 50 FEET MORE THAN TIMESTIME PLUME THICKNESSTHICKNES

AVERAGE CONCENTRATION REDUCTION AT MONTHSMONTH 67
MAXIMUM CONCENTRATION REDUCTION 97

INITIAL CONCENTRATION REDUCTIONSREDUCTION

REGONAL GROUNDWATER
FLOW DREC1ION MAR

F3
00

ML
V0A OD

F2 M4 M5

TI 1K CO OF
E WA ION LI
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CONTAMINANT CONCENTRATION REDUCTION PROFILESPROFILE AFB IN CA

140

120

IOO

A6O

40

20

I

12195 33096

SAMPLING DATE

PROJECT PERFORMANCE CORPORATION RECIRCULATING WALL PERFONNANCE DATA

WELL MIS 40 FT AWAY
100

80

4
C0

40CO
C
UJ

WELL M2S 40 FT

12195 3130196

SAMPLING DATE

728196
72896

CO
C

C
I

33096 72896
SAMPLING DATE

WELL M5S 5OFTAWAY

33096
SAMPLING DATE

72896

120

100

80

60

40

C 20
LI

I

12195 33096

SAMPLING DATE

72896
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NWEU REMOVA EFFICENCY AFB CA

40

INET SA IIPE

00 OUTFT SAMOE

13 80

LLILL LL1LIILIUII
31396 32696 5196 51596 52996 61296 6I2V96 00

SAMPLING DATE

OPERADON DETAILSDETAIL

RO VARE OWRSOWR
SED OVER OR CII SSONSSSON

OFF GAS TREATMENT GRA AR ACT VATED CARBO

COITR ICA BONDOXDE DDLONTONJE TE

RROR NG WE TO NE RE PCRFONIARCE ARD RADU TREATME ZO

BG WATER RATIO 51

DUR NG SYSTE AEMONSAEMON ON OA RR UR VV

EACIED MCL FOR

AVERAGE PASSPAS NOVA TH OU STRPP NG WE 90

OW SENSOR WED II CA IYD AU RFLUE ICE THARO VERT CA ID HON TA

FOW ECTONSECTON ARD VEOCTESVEOCTE AT AD PONTSPONT RROR ORD AT EAST 35 FET FROM STRPPRG

WE

OJECT PCF ANTE COR RM RO RCU AFING PA ORMA CODA
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PILOT TESTING OF INWELL STRIPPING PROCESSPROCES

LABORATORY

SETTING

CONTAMINATION

OPERATIONSOPERATION AND

RESULTSRESULT

LABORATORY PILOT TESTING OF INWELL STRIPPING PROCESSPROCES CONDUCTED BY BATTELLE

NORTHWEST LABORATORY

FULLSCALE WELL 70 FEET COLUMN 6INCH DIAMETER CONSTRUCTED IN LAB

11 1TCA INTRODUCED TO TANK AT TWO CONCENTRATIONSCONCENTRATION ONE TEST AT 410 PPB AND ONE

TEST AT 259 PPB

PRIMARY OBJECTIVE OF THE PILOT TEST WAS TO VERIFY THE MASSMAS TRANSFER THROUGH INWELL

STRIPPING PROCESSPROCES AND VALIDATE DESIGN PARAMETERSPARAMETER

THE PILOT SYSTEM WAS OPERATED AT RELATIVELY LOW AIRTOWATER RATIO 61 DUE TO

EQUIPMENT LIMITATIONSLIMITATION AND ACHIEVED REMOVAL EFFICIENCY OF APPROXIMATELY 65 OF

THE TCA CONCENTRATION PER TREATMENT CYCLE THE ENGINEERING CALCULATIONSCALCULATION USED TO

PREDICT STRIPPING EFFICIENCY WERE DEMONSTRATED TO BE ACCURATE THE STRIPPING

EFFICIENCY CAN BE EASILY INCREASED TO 90 BY SIMPLY INCREASING THE AIRTOWATER

RATIO TO GREATER THAN 201

RESULTSRESULT OF INWELL STRIPPING PILOT TESTING FOR 111TCA REMOVAL

PROJECT PERFORMANCE CORPORATION RECIRCULATING WELL PERFORMANCE DATA
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